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APPENDIX  A 


POWER  DENSITIES  AND  FUEL  CONSUMPTION 
OF  GASOLINE  AND  DIESEL  ENGINES 


In  order  to  give  a  consistent  basis  of  comparison,  we  have  chosen  to 

relate  fuel  cell  systems  to  typical  military  gasoline  and  diesel  engines. 

The  engines  chosen  are  the  150  hp  gasoline  engine  and  330  hp  diesel 

1  2 

engine  systems  used  by  Cather  and  by  us  in  earlier  comparisons. 
Basic  data  are  given  in  Table  I  and  Figure  2  of  this  report. 

Fuel  utilization  efficiencies  for  the  reference  engines  over  a  range  of 
engine  power  outputs  and  engine  speeds  are  not  available  from  the 
Cather  report,  *  which  gives  only  the  brake  specific  fuel  consumptions 
(bsfc)  at  optimum  conditions.  For  purposes  of  comparison,  published 
data  for  gasoline  and  diesel  engines  similar  in  size  to  the  reference 
engines  were  used  to  obtain  the  curves  shown  in  Figure  2.  Average 
fuel  consumption  figures  were  estimated  from  these  curves.  Small 
adjustments  were  applied  to  bring  the  optimum  efficiencies  from  the 
curves  in  line  with  the  values  calculated  from  Gather’s  data  for  the 
reference  engines. 

For  the  engines  considered,  there  is  a  single  condition  giving  maximum 
power  output.  In  Table  A-  l  the  best  and  poorest  brake  specific  fuel 
consumptions  (bsfc)  within  the  range  of  available  data  are  shown  as  a 
function  of  per  cent  of  maximum  power  output  (load  factor). 

These  values  were  taken  from  the  references  listed.  Fuel  utilization 
efficiencies  calculated  from  the  bsfc  values  are  also  shown.  Fuel  utili¬ 
zation  efficiencies  versus  per  cent  of  maximum  engine  power  output 
are  plotted  in  Figure  2.  Table  A-l  also  contains  values  for  energy 
produced  per  pound  and  gallon  of  fuel  as  a  function  of  engine  and  engine 
plus  transmission  power  densities.  These  numbers  were  used  in  con¬ 
structing  the  engine  curves  which  are  compared  with  fuel  cell  systems 
in  Figures  3  and  4. 

Power  density  data  for  several  gasoline  and  diesel  engines  having  power 
ratings  approximating  those  of  the  reference  engines  (Table  I)  are 
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POWER  DENSITIES  AND  FUEL  CONSUMPTIONS 
OF  GASOLINE  AND  DIESEL  ENGINES 
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given  in  Table  A -2.  The  power  densities  of  the  gasoline  industrial 
engines  and  highly  developed  military  diesel  engines  approximate  those 
of  the  reference  engines.  The  power  densities  of  typical  industrial 
diesel  engines  are  only  one  half  to  two  thirds  those  of  highly  developed 
military  diesel  engines. 


TABLE  A-2 


POWER.  DENSITIES  OF  GASOLINE 
AND  DIESEL  ENGINES 


Power 
Rating 
Max.  bhpa 

Engine 

Weight, 

Engine 
Volume,  c 

- - 

Power  Density 

Engine 

lb 

cu  ft 

bhp/ lb 

bhp/cu  ft 

References 

Gasoline  Industrial  Engines 

Chevrolet  327 

158 

622 

23.5 

0.25 

6.7 

51 

Chrysler  318 

150 

550 

15.3 

0.27 

9.8 

51 

Ford  292 

153 

553 

18.0 

0.28 

8.5 

51 

GMC  351 

155 

- 

26.  8 

- 

5.8 

51 

Studebaker  289 

156 

634 

16.2 

0.  25 

9.6 

51 

Average 

T5T 

590  1 

20.0 

0.26  1 

7.7 

1 

Reference  Engine  (Table  I) 

T5T5 

750 

IS*  8 

0.20 

g-  q 

Diesel  Industrial  Engines 

Cummins  855 

325 

2750 

55.0 

0.  12 

5.9 

51 

Cummins  950 

365 

3020 

62.1 

0.  12 

5.9 

51 

GMC  851 

3,90 

5620 

177.4 

0.  07 

2.2 

51 

International 

Harvester  817 

362 

3540 

77.7 

0.10 

4.7 

51 

Average 

STTTJ 

3732 

93.0 

0.10  1 

4.7 

Diesel  Military  Engines 

j- 

Lycoming  S  and  H 

door 

600 

14.4 

0.  20 

<6.9)d 

52 

Caterpillar  LDS-750 

425 

2000 

42.5 

0.  21 

10.0 

53 

Reference  Engine  (Table  I) 

330 

1600 

31.4 

0.21 

10.  5 

1 

a.  Maximum  brake  horsepower  with  standard  accessories. 

b.  Estimated  from  gross  rating  (without  accessories),  120  bhp. 

c.  "Box  volume.  "  Product  of  maximum  dimensions. 

d.  Calculated  from  estimated  maximum  brake  horsepower. 
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APPENDIX  B 


POWER  DENSITIES  AND  FUEL 
CONSUMPTIONS  OF  PRESENT  FUEL  CELLS 

Data  representative  of  the  best  reported  fuel  cell  current  densities  and 
efficiencies  are  given  in  Table  B-l.  The  hydrogen-oxygen  data  are  for 
prototype  units  for  which  more  than  500,  000  hours  of  test  data  have 
been  obtained.  The  hydrazine -oxygen  fuel  cell  data  are  also  from  a 
prototype  unit,  used  in  this  case  to  power  a  golf  cart.  This  unit  has 
not  had  anywhere  near  the  amount  of  development  that  has  been  expended 
on  the  hydrogen-oxygen  cells.  The  other  data  are  from  laboratory 
experiments.  These  cells  do  not  have  proven  "operating  life"  at  the 
present  time. 

In  order  to  provide  a  consistent  basis  for  comparison  of  the  different 
fuel  cell  systems,  it  is  assumed  that  the  cell  thickness  in  each  case  is 
one-fourth  inch  and  that  there  are  48  square  feet  of  anode  surface  per 
cubic  foot  of  fuel  cell.  In  the  calculations,  the  volumes  of  accessory 
equipment  are  disregarded.  These  volumes  may  well  reduce  the  power 
densities  of  the  fuel  cell  systems  to  less  than  one  half  the  values  given. 

The  electric  motor  volumes  were  calculated  on  the  basis  of  10  hp  per 
cubic  foot.  This  value  is  essentially  the  same  as  was  used  by  Cather* 
in  a  more  general  comparison  of  fuel  cell-transmission  systems.  The 
rated  motor  size  was  taken  arbitrarily  as  70%  of  the  maximum  output 
obtainable  from  the  fuel  cell.  In  the  case  of  the  hydrogen-oxygen  fuel 
cell  system,  the  motor  size  was  selected  to  correspond  to  100  amperes 
per  square  foot  current  density  which  is  the  maximum  for  continuous 
operation  of  this  cell.  Double  this  current  density  is  allowable  for 
short  periods. 
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TABLE  B’l 


FUEL  CELL  PERFORMANCE  DATA 


Ruel  Cells  and  Constants 

Used  in  Calculations 

Cell 

Potential, 
volt  a 

Hydrogen -Oxygen 

1.01 

i Union  Carbide,  Ref.  54) 

E°  =  1.229  volts 

0.95 

AFc/AHc  =  0.629 

0.93 

60  C,  Atm.  Press.,  Aq .  KOH 

0.90 

Electrolyte 

0,88 

0.87 

Intermittent  Operation 

0.86 

only  above  100  amp/sq  ft 

0.85 

Current  Density 

Hydrsz  ne -Oxygen 

1.01 

0,94 

i Allis-Chalmera,  Ref.  55)e 

Eu  ’  1.5&  volts 

AFc/aHc  =  0.963 

O.81 

70°C,  Atm.  Press.,  0.9M  Hydrazine 

0.70 

in  5.5M  KOH  Electrolyte 

0.585 

0.47 

0.35 

0.22 

Methanol -Oxygen  [Esso,  Ref.  56) 

=  1.215  volts 

0.65 

APc/AHc  =0.984 

0.58 

82*C,  Atm.  Press. ,  1.83M  Methanol 

0.44 

in  30#  H2SO4  Electrolyte 

0.37 

0.28 

Propane  Oxygen  (G.E.,  Ref.  8, 

0.68 

0.61 

Fig.  16)  . - 

E^  =■  1.091  volts 

ilFc/AHc  -  0.956 

2Q0*C ,  9656  H3PO4,  Atm.  Press. 

0,46 

0.40 

0,35  ! 

0.31 

0.27 

0.23 

0.20 

n-Octane-Oxygen  [O.E.,  Ref.  8, 

0.59 

0.53 

Fix.  17)  . . 

E"  =  1.100  volts 

AFc/A He  -  0.962 

0.45 

200cC,  96#  H3PO4,  Atm,  Press. 

0 , 38 
0.34 

0.29 

0.24 

0.21 

0.17 

?5 

50 

75 

100 

125 

150 

175 

200 


50 
100 
200 
300 
4  00 
500 
600 
700 


9.3 

19 

47 

67 

95 


9.3 

19 

56 

74 

93 

112 

$ 

167 


9.3 

19 

37 

56 

74 

93 

112 


power  Den sit ya 

The  rmal 
Efficiency,0 
Fuel  Cell 
Only,.  % _ 

Powe 

U 

[  Fuel  Cell  “1 

Onlv  .  \ 

§§§I| 

uMrajjl 

Hi 

wss 

w/80  ft 

no/cu  ft 

25 

1.65 

0.8 

68 

16.3 

11.4 

6.75 

48 

3.05 

1.5 

64 

15.4 

10.8 

6.4 

70 

4.5 

2.2 

63 

15.0 

10.5 

6.2 

90 

5.8 

2.85 

61 

14.5 

10.2 

6.05 

no 

7.1 

3.45 

5g.| 

14.2 

5«9 

131 

8.45 

4,1 

58.5 

14.1 

9.85 

5.85 

150 

9.65 

4.7 

50 

13.9 

9.75 

5.8 

170 

11,0 

5.35 

57.5 

13.7 

9.6 

5.7 

50 

3.2 

1.05 

62.5 

2.02 

1.41 

11.6 

94 

6.05 

2  .0 

58 

1.82 

1.28 

10.5 

162 

10.4 

3.45 

80 

1.62 

9.25 

210 

13.5 

4.5 

43 

1.40 

2-g| 

0,05 

234 

15.1 

5.0 

36 

1,17 

0.82 

6.7 

235 

15.2 

5.0 

29 

0.94 

0.66 

216 

13-5 

21.5 

0.70 

0,49 

4.0 

154 

9.9 

13.5 

0.44 

0,31 

2.55 

6.1 

0.39 

0.24 

52.5 

2.00 

1.40 

10.8 

0.71 

0.44 

47 

1,78 

8.3 

20.7 

1.33 

O.83 

35.5 

}•# 

o.^4 

6.25 

24.8 

1,60 

1.00 

30 

1.14 

O.oO 

26 .0 

1.68 

1.05 

22.5 

0.86 

0.60 

4.0 

6.3 

0.41 

0.25 

59,5 

5.1 

3.55 

■15.3 

11.6 

0.75 

0.45 

53,5 

4.5 

3.2 

13.7 

19. 2 

1.24 

0.75 

45,5 

3.? 

2.7 

11.7 

25.8 

1.66 

1.00 

40.5 

3.4 

2.4 

10,4 

29.6 

1.91 

1.15 

35 

2.1 

9.0 

32.6 

2.10 

1.27- 

30,5 

2.6 

1.8 

7.9 

34.7 

2.24 

1.35 

27 

2.3 

1.6 

7.0 

35,1 

2,26 

1.36 

23.5 

2.0 

1.4 

6.1 

34.3 

2.21 

20 

1.7 

1.2 

5.2 

33.4 

2.16 

“ 

17.5 

1.5 

1.05 

4.5 

5.5 

0.35 

0.22 

51.5 

4.2 

2,95 

17.2 

10.1 

0.65 

0.41 

46.5 

3.8 

2.65 

15,5 

16 .7 

1.07 

0.67 

39.5 

3.2 

2.25 

13.1 

21.3 

1.37 

0.86 

33 

2.7 

1.9 

11.0 

25,2 

1.62 

1.01 

29.5 

2.4 

1,7 

9.9 

27.0 

1.74 

1.09 

25.5 

2.1 

1.45 

8.5 

26.9 

1.74 

1.09 

21 

1.7 

1.2 

7.0 

27 .3 

1.76 

1.10 

18.5 

1,5 

1  i-g5 

6.1 

25.3 

1.60 

- 

15 

1.2 

0.85 

5.0 

a.  Fuel  cell  power  density  baaed  on  atandard  design  using  cells  1/4-lneh  thick  having  an  anode  area  of  48  square  feet  per  cubic 
foot  of  cell. 

b.  The  d-c  motor  size  for  continuous  operation  Is  taken  aa  70*  of  the  maximum  fuel  cell  power  output.  Motor  volume  was 
calculated  assuming  10  hp  per  cubic  foot. 

AFo  E 

c.  Thermal  efficiency  = 

potential  iiS  ESS 

The  gross  heat  of  combustion  of  the  fuel  was  usad  in  these  calculations.  See  Table  Cl. 

d.  The  combined  afflciency  of  the  d-c  motor,  controls,  and  power  train  is  aseuraed  to  be  70£. 

s;  "syssa-Bjrhss  “ 

cor^cteS  by^roveS^eU  Salgn  and  is  ignored  in  the  calculations  and  curves. 
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APPENDIX  C 


HEATS  OF  COMBUSTION  OF  SOME  FUELS 


Gross  heats  of  combustion  used  in  calculations  for  Table  B-l  and  net 
heats  of  combustion  used  in  comparative  thermal  efficiency  calcula¬ 
tions  in  the  body  of  this  report  are  tabulated  in  Table  C-l. 


:msr 


TABLE  C-l 


HEATS  OF  COMBUSTION  OF  SOME  FUELS 


Net  Heat  of  Combustion 
(25° C,  H20  Vapor) 

Gross  Heat  of  Combustion 
(25°  C,  H3O  Liquid) 

Fuel 

Hydrogen 

51.570 

30, 600a 

60, 960 

36, 100a 

Methanol  (aq.  j 

8,475 

56, 100 

9,660 

64,000 

Ammonia  (aq.  t 

7,  120 

36,  400 

8,790 

44,900 

Hydrazine  (aq. / 

7,  120 

58,  500 

8,250 

67,700 

Methane 

21,500 

75,  800c 

23,860 

CO 

1— •* 
0 
0 

0 

Propane 

19,930 

82, 100 

21,650 

89,200 

n-Octane 

19, 100 

111,  000 

20, 750 

121,000 

Motor  Gasoline 
(30%  Aromatics) 

18, 500 

115,  000 

20,000 

124,000 

Diesel  Fuel 

17,500 

120,  000 

19,000 

130,000 

a.  -257°  C. 

b.  Heat  of  combustion  in  aqueous  solution  as  oxidized  in  fuel  cells. 

c.  -160°  C. 
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APPENDIX  D 


DIRECT  n- NONANE  -  AIR  FUEL  CELL 
MATERIAL  BALANCE  CALCULATIONS 


Flow  rates  and  system  stream  compositions  are  required  if  water 
balance  and  fuel  recovery  from  exhaust  streams  are  to  be  analyzed. 

The  model  used  as  the  basis  for  the  calculations  and  discussion  which 
follows  and  definitions  of  the  symbols  used  are  shown  in  Figure  D-l, 

The  generalized  half  cell  reactions  for  any  direct  hydrocarbon  fuel  cell 
using  acid  electrolyte  are; 

Anode  Reaction: 

CnHm  +  2 n  H^O  - ?  (m  +  4n)  H*  +  nCOg  +  (m  +  4n)  e" 

Cathode  Reaction: 

(m  +  4n)  H+  +  (m  ^  4n)02  — *  (m -g  4n)  HgO  -  (m  +  4n)  e“ 

If  a  *  moles  of  hydrocarbon  reacted  in  the  fuel  cell  according  to  the  half 
cell  reactions,  then  the  reaction  stoichiometry  gives  the  following 
relationships: 

Anode  Streams:* 


Component 

Net 

Reaction, 

Moles 

For  Water 
Balance, 
Moles 

Anode  Exhaust 

Q  Moles 

Fuel 

;  f 

-a 

F-a 

h2o 

WA 

-2na 

wa' 

WA~2na 

co2 

* 

+na 

+na 

Total 

.  f+wa 

-(n+l)a 

F+W^  -  (n+Da 

*  The  capital  letters  which  appear  in  the  headings  of  the  tables  in  this 
section  refer  to  fuel  cell  reactant  and  product  streams  shown  in 
Figure  D-l. 
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FIGURE  D-1 


DIRECT  HYDROCARBON  FUEL  CELL  MODEL  FOR 
WATER  BALANCE  AND  FUEL  RECYCLE 


© 

Wc  =  WATER  PRESENT  IN  CATHODE  FEED. 

-  WATER  TO  OR  FROM  ELECTROLYTE  TO  CATHODE  GAS  STREAM  ! 

ANODE  WATER  SYMBOLS  CORRESPOND  TO  THOSE  FOR  CATHODE: 


2  . 


\  -  K  +  < 


W1  =  WATEk  RECOVERED  FOR  RECYCLE  FROM  ANODE  EXHAUST  "j”  . 

W2  =  WATER  RECOVERED  FOR  RECYCLE  FROM  CATHODE  EXHAUST  MG"  . 


3  . 


=  ANODE  AND  CATHODE  STREAM  PRESSURE. 

-  VAPOR  PRESSURE  OF  WATER  FROM  ELECTROLYTE. 

m  MOLE  FRACTION  OF  FUEL  IN  THE  ANODE  EXHAUST  GAS  "J"  . 

=  MOLE  FRACTION  OF  WATER  IN  THE  ANODE  EXHAUST  GAS  "J”  , 

-  FRACTIONAL  APPROACH  TO  WATER  EQUILIBRIUM  WITH  ELECTROLYTE'S 

Xu  n  =  Y  •  *^0  (anode  exhaust) 

HgU  P 


z 


4  . 


MOLE  FRACTION  OF  OXYGEN  IN  CATHODE  EXHAUST  GAS  nGn  . 

MOLE  FRACTION  OF  WATER  IN  THE  CATHODE  EXHAUST  GAS  "G11 . 
FRACTIONAL  APPROACH  TO  WATER  EQUILIBRIUM  WITH  ELECTROLYTE! 

xf^O  53  Z  «  HpQ  (cathode  exhaust) 


CALIFORNIA  RESEARCH 
CORPORATION 
RICHMOND.  CALIFORNIA 


1 1 -6-64 


mjs  RE  647514 


Cathode  Streams:* 


Component 

Cathode 

Feed® 

Moles 

Net 

Reaction, 

Moles 

For  Water 
Balance, 
Mole  s 

Cathode  Exhaust 
©Moles 

°2 

0.  21A 

0.21A  -(^)a 

N2 

0.  79A 

0.78A 

h2o 

W  ° 

wc 

+(^?)a 

wc- 

Wc  +  (2|iP)a 

Total 

A+Wc° 

+<2£^a 

A  +  wc  (r-^-)a 

a 


W 


A 


f'[  (1  -  V  <1  -  xh20»  -  xfxH20] 

2n  -  (n  +  1)  XH  Q]  +  (1  -  XH  o)  L 1  -  (n  +  l)Xp] 
2  2 

F(1  -  XF)  -  a[  1  -  (n  +  1)  XF] 


= 


R. 


T 


,m  +  4nv 
J  ~  \ — h — — 1 


h2o 


For  nonane  hydrocarbons  these  relations  simplify  as  follows: 
Anode  Streams: 


Component 

Anode. 

Feed© 

Moles 

Net 

Reaction, 

Moles 

For  Water 
Balance, 
Moles 

n- Nonane 

h2o 

F 

wa” 

-a 

-18a 

wa’ 

F-a 

WA"18a 

co2 

- 

+9a 

+9a 

Total 

F+W.° 

A 

-10a 

i 

F  +  WA  -  10a 

*  The  capital  letters  which  appear  in  the  headings  of  the  tables  in  this 
section  refer  to  fuel  cell  reactant  and  product  streams  shown  in 
Figure  D-l.  D-3 


Cathode  Streams: 


Component 

Cathode 

Feed(§) 

Moles 

Net 

Reaction, 

Moles 

For  Water 
Balance, 
Moles 

Cathode  Exhaust 
<§)  Moles 

°2 

0.21A 

-14a 

0.21A  -  14a 

N2 

0.79A 

0.79A 

H2° 

W  0 

C 

+28a 

W  1 

WC 

Wc  +  28a 

Total 

A+Wc® 

+14a 

A  +  Wc  +  14a 

a  = 


WA  = 


fcu  -  xFi  a  -  xH20)  -  xAj0] 

Xf(18  -  10  XH  0)  +  (1  -  XH  c)  (1  -  10  XF) 
2  2 

F(1  -  Xp)  -  a(l  -  10  XF> 

- xz - 


XH  o  (A  +  14a)  -  28a 
2 


*2° 


The  assumptions  and  results  from  some  material  balance  calculations 
for  a  direct  nonane-air  fuel  cell  using  94  weight  per  cent  phosphoric 
acid  electrolyte  at  300° F  and  1  atmosphere  pressure  are  shown  in 
Table  D-l.  In  these  calculations,  it  is  assumed  that  nonane  reacts  only 
to  give  COg  and  and  that  no  conversion  to  lower  molecular  weight 
hydrocarbons  occurs.  In  practice,  it  ,.s  probable  that  some  such  reac¬ 
tions  will  occur.  The  effect  of  this  on  hydrocarbon  recycle  losses  will 
be  discussed  later. 


In  Case  A  of  Table  D-l,  nonane  is  assumed  to  react  so  rapidly  that  its ... 
concentration  in  the  anode  exhaust  can  be  reduced  to  2  mole  per  cent. 
Calculations  are  based  on  one  mole  of  nonane.  Sufficient  air Jjs, supplied 
so  that  the  cathode  air  stream  retains  5  mole  per  cent  of  unreacted  oxy¬ 
gen.  It  is  also  assumed  that  the  partial  pressures  of  water  from  the 
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TABLE  D-l 

MATERIAL  BALANCES  AND  STREAM  COMPOSITIONS  FOR  A 
DIRECT  NONANE- AIR  FUEL  CELL,  94  WT.  %  PHOSPHORIC  ACID 
_ ELECTROLYTE  AT  300° F  AND  1  ATM.  PRESSURE 


Specified  Values: 

Electrolyte  Partial  Pressure 

Total  Pressure 

Approach  to  Water  Balance,  Cathode  Exhaust 
Approach  to  Water  Balance,  Anode  Exhaust 

Fuel  Rate 

Mole  Fraction  of  Fuel  in  Anode  Exhaust 

Mole  Fraction  of  Water  in  Anode  Exhaust 

Mole  Fraction  of  Oxygen  in  Cathode  Exhaust 

Mole  Fraction  of  Water  in  Cathode  Exhaust 

ptfeO*  mm 
v,  mm 

2 

Y 

F,  molea/hr 
XF 

JfeO 
*  o2 
*'&> 

mmmmwmmm 

200 

760 

1 

1 

1 

0.02 

0.265 

0.05 

0.265 

200 

?60 

1 

1 

0.452 

0.02 

0.265 

0.05 

0.265 

Material  Balance: 

Fuel  Oxidized,  moles/hr 

a 

0.799 

0.561 

Mole  % 

\mnmm 

Anode  Feed  Stream  (D); 

n-Nonane 

1.00 

0.45 

58.0 

Water 

V 

0 

0 

0 

Total 

1.00 

0.45 

Water  Added  to  Anode  Stream 

WA 

17.05 

7.69 

138.6 

Anode  Exhaust  Stream  (J); 

n-Nonane 

0,20 

$.0 

0,09 

11.7 

Water 

V 

2.64 

26.5 

1.19 

21-5 

Carbon  Dioxide 

7.19 

71.7 

3.25 

143.0 

Total 

10.05 " 

100.0 

maam m 

Cathode  Feed  Stream  (E): 

I 

Oxygen 

I 

21.0 

6.96 

222.8  ■ 

Nitrogen 

79.0 

26.19 

733.7 

Water 

V 

■ 

Total 

H9H 

Water  Added  to  Cathode  Stream 

i  ■ 

WC 

-0.17 

0.08 

■a 

Cathode  Exhaust  Stream  (O'): 

M 

Oxygen 

4.22 

5*00 

1.97 

■ 

Nitrogen 

57*92 

68 .68 

26.16 

Water 

i 

V 

22.21 

26.52 

10.05 

■ 

Total 

K*ITC«i 

58.16 

CALIFORNIA  RESEARCH  CORPORATION 
RICHMOND,  CALIFORNIA  P-1-65 
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anode  and  cathode  streams  are  equal  to  each  other  and  to  the  partial 
pressure  of  water  from  the  fuel  cell  electrolyte.  In  this  preliminary 
calculation,  we  have  also  assumed  that  no  water  was  added  either  to  the 
hydrocarbon  feed,  to  the  fuel  cell,  or  to  the  cathode  air  stream.  As  a 
result,  the  anode  stream  has  had  to  draw  17. 03  moles  of  water  from 
the  electrolyte  to  meet  exhaust  stream  specifications,  while  the  water 
formed  at  the  cathode  was  0. 167  mole  in  excess  of  that  required  for  the 
cathode  exhaust.  This  excess  is  added  to  the  electrolyte.  Therefore, 
the  fuel  cell  has  a  net  requirement  of  16.  86  moles  of  water  per  mole 
of  nonane  in  the  fuel.  This  water  could  be  added  to  the  anode  stream 
which  then  would  greatly  dilute  the  electrolyte  where  the  anode  feed 
enters  the  fuel  cell,  or  it  could  be  divided  in  some  way  between  the  air 
and  fuel  stream  in  an  effort  to  minimize  undesirable  concentration 
effects.  If  this  water  is  added  as  liquid,  either  through  the  electrolyte 
or  in  some  other  way,  its  heat  of  vaporization  would  provide  about  one 
fourth  of1  the  cooling  required  by  the  fuel  cell  at  maximum  power. 

An  attempt  to  relate  Case  A  which  was  discussed  above  to  a  particular 
fuel  cell  situation  is  made  in  Case  A-l  of  Table  D-l.  This  is  discussed 
in  Section  VII-C  of  the  report. 
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APPENDIX  E 


COMPUTER  CALCULATIONS 
MATHEMATICAL  TREATMENTS 


1.  Calculation  of 
Equilibrium  Constants 

The  equilibrium  constants  for  the  reforming  reaction,  K^,  the  shift 
reaction,  Kg,  and  the  Boudouard  reaction,  K^,  can  be  represented  over 
small  temperature  intervals  with  very  high  accuracy  by  means  of  the 
two-parameter  Arrhenius  equation 

(1.1)  K=AeB/,RT, 

where  A  and  B  are  experimental  constants,  R  is  the  universal  gas  con¬ 
stant,  and  T  the  absolute  temperature.  Values  of  the  equilibrium  con- 

57 

stants,  Kjj,  Kg,  and  K^-,,  were  calculated  from  literature  values  of 
the  equilibrium  constants  of  formation  in  the  range  of  200°F  to  2200° F 
obtained  at  100°K  intervals.  The  constants  were  then  calculated  for 
any  temperature  by  linear  interpolation  of  the  natural  logarithm  of  K, 
InK,  against  the  reciprocal  absolute  temperature,  Vp,  in  the  proper 
ICHPF  interval. 

2.  Calculation  of  Reformer 
Product  Composition 

When  feed  consisting  of  carbon,  hydrogen,  and  oxygen  compounds  in  any 
fashion  are  fed  to  a  reformer,  the  products  are  water,  carbon  dioxide, 
methane,  carbon  monoxide,  and  molecular  hydrogen.  Any  inert  gas 
feed,  such  as  nitrogen,  is  recovered  unrc  ’cted. 

In  the  mathematical  development  below,  parentheses  around  a  chemical 
formula  will  indicate  number  of  pound- moles  of  a  product.  The  symbol 
(  )  is  used  to  represent  pound-moles  or  pound-atoms  in  the  feed 

streams.  If  the  reformer  feed  can  be  represented  by 

(O)  ,  (H),  (G),  and  (Inerts)  , 

then  the  following  mass  balance  equations  must  be  satisfied  for  the 
reformer  products: 
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(07  =  (H20)  +  2(C02)  +  (CO) 
(H)  =  2(H20)  +  4(CH4)  +  2(H2) 
(O  =  (co2)+  (CO)  +  (CH4)  “ 

(Inerts)  =  (Inerts) 


The  product  composition  consisting  of  five  unknowns  (the  molecular 
species  other  than  inerts)  can  thus  be  reduced  to  two  unknowns  by  the 
equations  in  (2.  1).  Thus  if  we  arbitrarily  choose  the  water  and  carbon 
dioxide  concentrations  to  be  unknowns, 

(2.2)  f  <C°2>  °  X 

l  ‘H2°>  •  Y 


we  can  express  the  other  concentrations  in  terms  of  X  and  Y  and  the 
known  feed  composition: 


(2.3) 


{ 


(ch4>  = 

(CO)  = 
(H2)  = 


(G7  -  (O)  +  x  +  Y 

(D)  -  2X  -  Y 

1  /2(H)  -  2(0  +  2(G)  -  2X  -  3Y 


When  the  equations  (2.  2)  and  (2.  3)  are  combined  with  the  expressions 
for  the  reforming  and  shift  equilibria,  two  polynomials  in  two  ummcwns 
are  obtained 


(2. 4) 


r 


(CO)  (h2)3p2 

(CH4)  (H2OKTotal)2  *  and 

(co2)  (h2) 

(cor(H2or 


where  P  is  pressure  expressed  in  atmospheres  and  (Total)  =  (CO)  + 
(Hg)  +  (CH4)  +  (H20)  +  (C02)  +  (Inerts).  This  quantity  has  to  be  intro¬ 
duced  as  a  normalizing  factor  since  the  components  are  introduced  in 
terms  of  moles  rather  than  partial  pressures.  The  polynomials  in  two 

unknowns  may  be  solved  by  one  of  a  number  of  numerical  methods.  In 
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our  calculations  the  Newton-Raphson  method  was  used. 


3.  Determination  of  Water  Needed  to 
Inhibit  Carbon  Deposition 

A  reversible  reaction  which  needs  to  be  considered  in  the  reforming 
process  is  the  following: 
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(3.1) 


2CO 


co2  4*  C 


The  equilibrium  constant,  K^,,  was  calculated  as  a  function  of  tempera¬ 
ture  as  described  in  Section  1.  The  mass  action  ratio,  "RT, 11  for  this 
reaction  is  given  in  terms  of  moles  by; 


(3.  2) 


"RT"  » 


(COg)  (Total) 
(CO)2? 


If  "RT"  is  greater  than  K^,,  carbon  will  not  be  formed.  If  "RT"  is 
smaller  than  K^-,,  carbon  will  be  deposited.  The  addition  of  a  sufficient 
amount  of  water  will  then  prevent  carbon  formation  by  reducing  the 
carbon  monoxide  concentration  and  increasing  the  carbon  dioxide  con¬ 
centration.  If  Z  is  defined  as  minimum  amount  of  water  necessary  to 
prevent  carbon  formation,  then  Z  must  be  such  that  the  following  equa¬ 


tion  is  satisfied: 


(3.  3) 


<C02)  (Total) 
(CO)2P 


The  method  of  solution' follows  that  of  Section  2  except  that  the  Newton- 
Raphson  method  must  now  be  applied  to  three  polynomials  in  three 
unknowns: 

^  (CO)  (H2)3P2 

KR  ■*  (CH4)  (HaO)  (Total)2 

(COz)  (Hg) 

(3.4)  J  Kg  “  (C0)  (H20) 

(CO,)  (Total) 

K  . - - 

L  (CO)2P 


where  the  components  are  given  in  terms  of  unknowns  X,  Y,  and  Z  by: 

(COg)  =  X 
C  5)  (HzO)  =  Y 

(CH4)  =  (C)  -  (O)  +  X  +  Y-Z 
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(3,  5 
Cont'd) 


(CO) 


=  (O)  -  2X  -  Y  +  Z 

(H2)  =  (1/2)  (5)  -  2(C)  +  2(0)  -  2X  -  3Y  +  3Z 

(Total)  =  (1/2)  (H)  -  (C)  +  2(0)  -  2X  -  2Y  +  3Z  +  (Inerts) 

4,  Calculation  of  Anode  Exhaust 
Compositions  (Oxidation  in 
Fuel  Cell  Subsequent  to 
Reforming  Operation) _ 

In  these  calculations,  it  is  assumed  that  the  reformer  products  are 
passed  into  the  fuel  cell,  there  to  be  subjected  to  oxidation  by  way  of  a 
given  mechanism  to  a  specified  extent  as  shown  in  the  table  below- 

Fuel  Cell  Reaction  Scheme 


B  . .  \ 

c  \ 

”  \ 

■ 

Hg+0=— *H20+2<T 

Hg+CO^  — ^COg+HgO+26 

Hg — *2H++2e“ 

H2— >*2H++2e“ 

I 

Final  Xu 
”2 

Specified 

Pinal  x„ 

H2 

Specified 

Pinal  XH 

H2 

Specified 

Final  XH  and 

Final  Partial 
Pressure  of 

Water  Specified 

Hg+O^ — *HgO+2e~ 

H2+C0^  — *C02-f-H20+2d" 

H2— *2H++2e“ 

H2 — *2H++2e~ 

o 

CO+O  — 

C0+C05=— >2C02+2e" 

CO+HgO — >C0g+2H++2eT 

CO+HgO— >C02+2H++2e“ 

La 

\ 

Pinal 

"2 

and  Xco 
Specified 

Final  Xj^  and  Xqq 
Specified 

Final  X^j  and  X^q 

Specified 

Final  XH  and  Xco 

and  Final  Partial 
Pressure  of  Water 
Specified 

In  the  above  table: 

XH  denotes  mole  fraction  of  molecular  hydrogen 
2 

Xqq  denotes  mole  fraction  of  carbon  monoxide 


In  the  expressions  below  the  following  definitions  will  apply: 
a  =  moles  of  Hg  oxidized  at  anode 
b  =  moles  of  CO  oxidized  at  anode 
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=  moles  of  water  added  to  (+)  or  removed  from  (-)  anode  com¬ 
partment  of  fuel  cell 

p  n  =  partial  pressure  of  water  (atmospheres) 

H2 

P  =  total  pressure  (atmospheres) 

The  unknown  can  then  be  expressed  in  terms  of  the  known  quantities  for 
the  various  schemes  as  follows: 


Scheme  A-l: 


Scheme  B-l: 


Scheme  C-l: 


a  =  (H2)  -  XH  (Total) 

2 

(H2)  -  XR  (Total) 
_  2 


H2  +  1 

(H2)  -  XH  (Total) 
2 


Scheme  D-l: 


Scheme  A-2: 


Scheme  B-2: 


PXH  [(H20)  +  (H2)  -  (Total)] 
a  =  - JT—lc - ip'  -  +  <H2> 

(  1  "  xh2>p  2 

PH  o  ^  (Total>  -  a]  -  P  (H20) 

A  T  -  pR^0 

a  *  (H2)  -  XR  (Total) 

2 

b  =  (CO)  -  XCQ  (Total) 

(  Xco  +  1 )  (H2)  -  XH  [  (Total)  +  (CO)] 

2 


Scheme  C-2:. 


(X^  +  1)  (CO)  -  XCQ  [(Total)  +  (H2)] 
1  +  XH2  +  XCQ 

XH  [(CO)  -  (Total)]  +  (  1  -  Xco)(H2) 

2 


XC0[(H2)  “  (Total)3  +( i  -  xH  XCO) 

2 


E-5 


Scheme  D-2: 


The  electrical  energy  obtained  from  each  scheme  is  given  by 
(4.1)  E(kw-hr)  =  (Z  a  +  Z,b)Fe  =  24.33(a  +  b)e 

where  E  is  the  electrical  energy,  Za  and  Z^  are  the  number  of  equiva¬ 
lents  per  mole  of  hydrogen  and  carbon  monoxide,  respectively,  F  is  the 
Faraday,  and  e  is  the  fuel  cell  voltage. 


Calculation  of  Anode  Exhaust 
Compositions  (Fuel  Cell 
Oxidation  Concurrent  With 


Reformir 


>eration) 


In  these  calculations  it  is  assumed  that  the  oxidation  and  reforming 
processes  occur  in  a  single  vessel  and  that  the  exhaust  products  satisfy 
the  reforming  and  shift  equilibria.  The  final  mole  fraction  of  hydrogen 
remaining  unoxidized  is  specified  as  shown  in  the  table  below: 


Fuel  Cell  Reaction  Scheme 


i_  a  ;  \ 

_  B  \ 

C  ^ 

3 

H2  +  CT  H20  +  2e~ 

H2+C03=  ->C02+H20+2e“ 

H2  2H+  +  2e~ 

\ 

Final  X„  Specified 
H2 

Final  X„  Specified 

2 

Final  Xw  Specified 

2 

It  is  evident  that  for  each  mole  of  hydrogen  oxidized: 

In  Case  A -3:  a  gram-atom  of  oxygen  is  gained. 

In  Case  B-3:  a  gram-atom  of  carbon  and  3  gram-atoms  of  oxygen 

are  gained. 
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In  Case  C-3: 


2  gram- atoms  of  hydrogen  is  lost. 


The  extent  of  the  oxidation  is  determined  by  specifying  Xw  in  the 
exhaust,  where 

<HJ 

(5‘  D  Xw  3  TTC^TT 


Defining:  (aO)  as  the  number  of  gram-atoms  of  oxygen  gained; 

(AC)  as  the  number  of  gram-atoms  of  carbon  gained;  and 

-  (aH)  as  the  number  of  gram-atoms  of  hydrogen  lost. 

The  final  composition  of  components  can  be  expressed  in  terms  of  two 
unknowns,  X  and  Y,  by: 

(co2)  -  X 

(H20)  =  Y 

(CH4)  =  (C)  -  (O)  +  X  +  Y  +  (aC)  -  (aO) 

(CO)  «  (O)  -  2X  -  Y  +  (AO) 

(H2)  =  (1/2)(H)  -  2(C)+  2(0)  -  2X  -  3Y  +  (l/2)(AH) 

-  2  (AC)  +  2  (AO) 

(Total)  =  ( 1  / 2)(H)  -  (C)  +  2(0)  -  2X  -  2Y  +  (Inerts) 

+  (1/2)  (aH)  -  (AC)  +  2  (AO) 

The  quantities  (aO),  (aC),  and  (aH)  are  functions  of  X  and  Y  determined 
by  equations  (5.2). 


For  Case  A -3: 


(AO) 


[XH  -  1]  [(1/2)  (H)  -  (C)  +  2(0)  -  2X  -  2Y]  +XR  (Inerts)  +  (C)  +  Y 
2  2 
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For  Case  C-3: 


(ah) 

(AO) 


2{[ Xvj  -l][(l/2)(H)  -  (C)  +  2(0)  -  2X  -  2Y]  +  X„  (Inerts)  +  (C)  +  Y} 


(AC)  =  0 


Since  the  components  in  the  exhaust  must  also  satisfy  the  reforming  and 
shift  equilibria,the  expressions  above  are  substituted  into  the  equations 
(2,  4)  and  these  equations  in  two  unknowns  are  solved  by  means  of  the 
Newton-Raphson  method. 

6.  Calculation  of  Anode  Exhaust 

Composition  (Fuel  Cell  Oxidation 
Concurrent  with  Reforming  Operation  - 
Partied.  Recycle  of  Anode  Exhaust) _ 

In  the  following  reaction  schemes  the  oxidation  and  reforming  processes 
occur  simultaneously  so  that  the  anode  exhaust  products  must  satisfy 
the  reforming  and  shift  equilibria.  Furthermore,  it  is  assumed  that  an 
equilibrium  has  been  established  wherein  a  specified  fraction,  f,  of  the 
entire  anode  exhaust  is,  recycled.  As  a  result  oxygen  is  not  needed  in 
the  feed  stock  but  is  supplied  during  the  oxidation  process  at  the  anode. 
In  these  calculations  the  final  mole  fraction  of  unoxidized  hydrogen  in  the 
anode  exhaust  must  be  given. 

Fuel  Cell  Reaction  Scheme 


"s 

_  A  \ 

B  \ 

H2  +  0=  — »H20  +  2e~ 

H2  +  C03=  — »C02  t  H20  +  2e” 

4 

Final  X,,  and  frac- 

Final  X„  and  fraction,  f,  of 
n2 

tion,  f,  of  anode 

anode  exhaust  recycle 

exhaust  recycle 
■specified. 

specified. 

If  the  equilibrium  anode  exhaust  composition  is  given  by 
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r(C) 

gram -atoms  of  carbon 

(H') 

gram -atoms  of  hydrogen 

(O') 

gram -atoms  of  oxygen  and 

^  (Inerts') 

moles  of  inerts 

{6.  1) 


then  the  feed  composition  is  given  by: 

(C)  +  f(C')  gram -atoms  of  carbon 

gram -atoms  of  hydrogen 


(6.2) 


(H)  +  f(H') 

f(O') 


gram -atoms  of  oxygen  (no  internal 
oxygen  feed) 


(Inerts)  +  f (Inerts')  moles  of  inerts 


where  f  is  the  fraction  of  the  exhaust  recycled.  The  relations  between 
feed  and  exhaust  composition  are: 


r 


(6.3) 


(H>) 

=  (H)  +  f(H') 

(CM 

=  (C)  +  f(C)  +  (AC) 

(O') 

=  f(OM  +  (AO) 

(Inerts')  =  (Inerts)  +  f(Inerts') 


v/here  (aO  and  (aO)  are  the  gram-atoms  of  carbon  and  oxygen  picked 
up  from  the  electrolyte  in  the  course  of  oxidation  at  the  anode. 

Equations  (6.3)  lead  directly  to: 

r 


(6.4) 


< 


<HM 

(CM 

(O') 

(Inerts') 


=  g(H^ 

=  g[(C)  +  (AC)] 
-  g(AO) 

=  g(Inerts) 


where  g  =  1/(1  -  f). 

As  in  Section  5,  the  final  composition  of  components  can  be  expressed 
in  terms  of  two  unknowns; 

r 


(6.5) 


< 


(co2) 

(h2o) 

(ch4) 

(CO) 


=  Y 
■  Y 

=  g[  (C)  +  (aO  -  (AO)]  +  X  +  Y 
=  g(AO)  -  2X  -  Y 
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(6.5 

Cont’d) 


J 


(H,) 


-  g[  (1/2)  (H)  +  2(a0)  -  2(C)  -  2(aC)]  -  2X  -  3Y 


(Total)  =  g[  (1/2)  (H)  +  2(a0)  -  (C)  -  (aC)  +  (IH^Fti)] 
-2X  -  2Y 


The  quantities  (aO)  and  (aC)  are  arrived  at  through; 


(6.6) 

Case  A-4; 


‘Hr 


(k2) 

TTotaD 


{XH  -  1}  (g[ (1/2)  (H)  -  (C)]  -  2X  -  2Y}  +  Y  +  g[(C)  +  Xw  (Inerts)] 


(AO)  = 


Hr 


2g(l  -  X~) 


(AC)  =  0 


Case  B-4: 


(4oi  . 


I  3|{XH  -  1)  (g[(l/2)(H)  -  (C)]  -  2X  -  2Y)  +  Y  +  gC(C>  +  Xfl  (Inerts)]} 
_  1  2  _  2 


(AC)  -  1/3(aO) 

Here  again,  the  equations  (2.4)  must  be  satisfied  and  solution  is  obtained 
by  means  of  the  Newton-Raphson  method. 
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APPENDIX  F 


THEORETICAL  PRODUCT  COMPOSITIONS 
FROM  HYDROCARBON  STEAM  REFORMING 
AND  SHIFT  EQUILIBRIA 


Appendix  Tables  F-l  to  F-30  included  in  this  section  resulted  from 
computer  calculations  described  in  Section  X-C.  These  tables  form 
the  basis  for  figures,  mainly  for  nonane,  which  are  discussed  in 
Section  X-D-2b  and  for  similar  figures  for  other  hydrocarbons  which 
are  given  as  Appendix  Figures  F-l  to  F-22. 

:msr 
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TABLE  F-1A 


PRCL'ICT  COMPOSITIONS  FROM  HYCftlCARBON  STEAM  REFORMING  AND  SHIFT  EQUUPRJA 

STEAM  REFORMER  FEED  -  CH4  UOO  MCL  C  B  A  S I  S  1  t  S  T  c  AM/C  RAT  TC  f  1.0 
ELEMENTAL  CCMPCSITIClN 

CUTCMS)  F(AfCMS)  C(ATCN$)  N2 I  MILS ) 

1U.0C  60  U  *  uf  10C.0C  C. 


CLNCITICNS  AND 

ECULIBRIUM 

constants 

ECUIL I  PR tCrf 

PROCUC  T 

CCMPGSiTILNS 

P(ATM) 

T 1  DEG  F  ) 

KR 

KS 

KC 

RT 

H2G 

CC2 

04 

Cl 

H2 

N  2 

TOTAL 

NCLS 

HOLS 

NCLS 

MCCS 

MLLS 

NCLS 

NCLS 

r‘G  L  PC  *■' 

'Cl  PC  1 

rCL  PC  1 

PCL  PC  MGL  PC  MCI  PC 

MCL  PC 

UCDOC 

4C0 ,0i 

7,94  14E- 12 

2.0711E 

02 

4.0Q07E  09 

l.ld6£F  II 

50. 4C 

: .  /c 

99.24 

i/  .  Ow 

3.03 

0. 

201.52 

48.871 

C  *  3  7  6 

49*247 

C.OCO 

1. 5L6 

c. 

1CO.COC 

l .COCO 

6C0.0C 

2.1 95CE-07 

3.1479H 

Cl 

1.0430-  C-fc 

J.7B57E  06 

92.12 

3.93 

96*09 

C ,  02 

15.78 

C  • 

2C7.90 

44.3G9 

1.890 

46.199 

0.01 0 

7,592 

0. 

1 OC  *  000 

L.CnOC 

aoo.oc 

2.6585C-04 

9.0223E 

OC 

3.769CE  C  3 

4.0J15E  03 

76. 3C 

11.45 

87.7a 

G  .  8C 

48.  19 

c. 

224*50 

33.988 

5.099 

39.068 

0.357 

21.468 

G. 

1GC.CCC 

UCuOO 

1000. GC 

4.90UE-02 

3.7523E 

cc 

6  *  4  7  74  E  01 

4-68346  01 

52.16 

18.83 

70.99 

10.18 

1C5. 87 

C. 

25e.C2 

CONDITIONS  L  E  AC 

TO  carpcn  FORMATION. 

20.215 

7.297 

27*512 

3.947 

41.029 

0. 

1C0.00C 

.  l.C'JOO 

1200. OC 

2.6875E  CO 

1.9714E 

cc 

3.0C42E. CC 

2.U2C46  OC 

27.92 

13.  23 

41.16 

45.61 

189,77 

C. 

317.69 

CONDITIONS  LEAL 

TO  CARECN  FORMATION. 

8.789 

4.  165 

12.954 

14.358 

59.733 

0. 

10C.C00 

l.COQQ 

14C0.0G 

6.3697E  01 

1.2C81E 

OC 

2*7306 £— Cl 

2.3081C-C1 

10.84 

4.09 

14.93 

80.98 

259.31 

c* 

370.14 

CONDITIONS  LEAC 

TO  CAftECN  FCRMATION. 

2.92B 

1.  105 

4.C33 

21.879 

7C.055 

0. 

1CC.C0C 

_1  ._CPPP 

UOJ.Of. 

8.213SE  02 

0.2439E- 

01 

4.CC69E-02 

4.4509E-O2 

3.74 

1.01 

4*75 

94.24 

286. 77 

c. 

390.50 

0*957 

C.  259 

1.216 

24. 133 

73*435 

c. 

1CC.CCC 

l  .coco 

iaco.cc 

6.7984E  03 

6.9833E- 

01 

8.  344  5  E—0  3 

1.167EE-G2 

1 . 4  C 

0.28 

1.6ft 

98.03 

295.23 

0* 

396*63 

0.353 

0.071 

0.425 

24.716 

74.435 

0. 

ICC, 000 

.  l  .Cc 00 

2CC0  «0». 

4 . 0 0 1 4 C  04 

4 . 7516E- 

Cl 

2.2622E-03 

3. 82  54L-02 

0.60 

0.1*9 

C  .  69 

99.21 

298. G2 

c. 

358-62 

0.150 

0.024 

0*174 

24.890 

74.763 

0. 

1CC.CCC 

i  .Cb*LO 

22GO.OO 

1.80:160  05 

3.8864E- 

01 

7.5373  F-04 

1.4918 E-Oi 

0.29 

0.04 

0.32 

99.64 

259. C7 

0. 

399.35 

0.C.72 

Q.0C9 

0,081 

24.950 

74.088 

G. 

1C0.00C 

2.  LOCO 

4CO.OG 

7.94  14  fc- 12 

2.071  IE 

C  2 

4.0CC7E 

1.3367F  1C 

98.85 

0.58 

99.42 

0.00 

2. 3C 

0. 

2C1.15 

49.142 

C.  286 

49.423 

O.GCC 

1.  144 

c. 

ICC. COG 

2  *  COCO 

600,00 

2.199CE-07 

3.1479E 

01 

1.G43EE  06 

2.075CL  Oc 

93.99 

3  •  OC 

96.99 

0.01 

12.04 

0. 

206.02 

45.620 

1.456 

47.076 

0.0C6 

5.842 

0. 

1CC.C0C 

2  .1  oCO 

8 CO. or 

2 • 65  &5E-04 

9.9223E 

OC 

3.769CE  C1 

'  ?'  C3 

81.59 

8.98 

90*57 

0.45 

37.27 

0. 

218.86 

37.280 

4.  1C1 

41,332 

0.208 

17.029 

0- 

ICO. COO 

2.  COCO 

10CC.CU 

4.9G  1EE-02 

3. 7323E 

OC 

6.4774E  Cl 

5.629  IE  01 

61.20 

1  6.41 

77.61 

5.97 

83.  53 

0. 

244.78 

CQArlTlCNS  LEAC 

TO  CARF7  FCRMATION. 

25.002 

6.7C6 

31.7C.9 

2.441 

34.144 

c. 

1C0.GCC 

2. COCO 

12C0.0C 

2.6875t  00 

1.9714E 

OC 

3.0C42E  OC 

2.2587E  OC 

38.12 

15.22 

53.34 

31.44 

155.2l 

0. 

293.32 

CONDITIONS  LEAC 

TC  CARPCN  formation. 

12.995 

5.  189 

18. 185 

10.718 

52.912 

0. 

100. ooc 

2±CC0Q- 

L4CO.OO 

6.3697E  01 

1  -2G81E 

cc 

2*  730CE-01 

2.3866E-01 

18.08 

6.47 

24*55 

68.98 

232.81 

G. 

35C.89 

CONDITIONS  LEAC 

TO  CAPtXN  FCRMATION. 

5.153 

1.844 

6.997 

19.657 

66.349 

C. 

100-C0C 

2.CGOO 

1600.00 

8.213SE  02 

8.2439E- 

-01 

4.0C65E-02 

4.48  7CE-Q2 

7 .  OC 

1.87 

8.87 

89.26 

275.27 

0. 

382.26 

1.830 

0.489 

2.320 

23.351 

72.010 

0. 

iOC.OOC 

2..X0.0.Q 

L8CQS0' 

6.7984E  03 

6 .08 33E- 

■01 

8. 3445E-03 

1.17C4E-02 

2.73 

C.  55 

3.28 

96.17 

290.7b 

0. 

393.43 

0.695 

0,  140 

0.835 

24,443 

73.886 

c. 

IOC. 000 

2.CC0C 

2000.00 

4.QC-HE  04 

4.7516E- 

-01 

2.2622E-0 3 

5.82  8 16-0  3 

i.ie 

■J.  19 

1.37 

93.44 

256.0ft 

c. 

397.26 

0.298 

0.047 

0.345 

24.781 

74.53C 

c. 

10C.GCC 

2  *  C  000 

2200.00 

1.6C36E  05 

3.8&64E- 

01 

7.5372E-C4 

1.4922 c_G 2 

0.57 

0.07 

0.64 

99.28 

298. 14 

0. 

398.71 

0.143 

0.019 

0.161 

24. 9C 1 

74.776 

0* 

IOC.OOC 

4.CC0C 

4C0.0C 

7.94  14E-12 

2.0711E 

C2 

4.0C07E  C9 

1.5846E  1C 

99.13 

0.44 

99.  56 

o.oc 

1.75 

c. 

2C0.87 

49.348 

C.  217 

49,565 

0.000 

0. 869 

0. 

1CC.C0C 

A. COCO 

600. OC 

2.199CE-07 

3,1479* 

01 

1.0438E  06 

E.4C4 tC  Ot 

95.42 

2.29 

97.71 

0.01 

9.  16 

c. 

204.58 

46.642 

1.117 

47.759 

O.OC  3 

4.479 

c. 

100. OOC 

4.CC00 

SCO. 00 

2.6585E-04 

9.0223C 

OC 

3.769CE  C3 

s.&otec  G 3 

85.80 

6.97 

92.77 

0.26 

28.67 

0. 

214.46 

40.0C5 

3.251 

43.257 

0,120 

13.366 

c. 

1CC.CCC 

A. LOOP 

.  10C0..0C 

4*90  IE t-02 

3.7523E 

OC 

6.4774E  Cl 

t . 7259E  01 

69.08 

13.73 

82.81 

3.46 

65.29 

0. 

234.38 

29.475 

5.858 

35.333 

1.476 

27.659 

c. 

100. COC 

4  .  C  I.CG 

1200. OC 

2.6875E  00 

1.9714E 

cc 

3.0042G  a 

2.5772E  CC 

48.34 

15.67 

64.  OC 

20.33 

123.66 

c. 

271*59 

CONDITIONS  LEAC 

TO  CAHECN  FCRMATION. 

17.771 

5.760 

23.531 

7,475 

45.464 

0. 

lcc.coe 
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TABLE  F-1B 


PRODUCT  COMPOSITIONS  FPCM  HYCRC  CARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CH4  (ICC  MUL  C  tiASIS),  STE  AH/C  RAT  IC  ,  1.0 
ELEMENT AL  CGMPCSITICN 

C ( A  T  CKS )  MATCMSI  CIATLMSI  N21MCLS) 

U  *0-  6CO.OC  10C.CC  C. 


Cr  - 

TCIT1GNS  AND 

COLILIBP IUM 

COM  ST  AMS 

EQUILIBRIUM 

PPGCUCT 

CCHP0S1T ICNS 

P{A  I'M  ) 

1 (DEG  FI 

K  t< 

KS 

KC 

R  T 

H2G 

1 02 

CH4 

CC 

F2 

62 

TOTAL 

MCLS 

MCLS 

MCLS 

MCLS 

MCLS 

MCLS 

MOLS 

KOI  PC  MCL  PC  MQL  PC  KGL  PC  MOL  PC  MOL  PC 

MCL  PC 

4.i>_Cu 

LA CO  .  00 

6.3697E  Oi 

1.20816  OC 

2.73G6L-C1 

2.51APE-01 

27.56 

9.00 

36.63 

54,29 

199. 10 

0. 

326.74 

CCNOITIGNS  LE  AC 

TD  CARFCN  FCRHAMCN. 

8,434 

2.777 

11.211 

16.617 

60.960 

0. 

100. QOC 

4. LI CO 

160C .00 

8.213SE  02 

8 , 2 A  39E-0 1 

4.QC69E-02 

A.5539E-02 

12.45 

3.25 

15*69 

81 .06 

256. 17 

0. 

368.61 

3,377 

O.flPl 

4.258 

21.990 

69.495 

0. 

1C0.00C 

^ (LOGO 

18CO.O C 

6.7984E  03 

6  .  Q833E-C l 

8.3AA5E-C3 

1.175AE-C? 

5.22 

1.04 

6.26 

92.70 

2E2.26 

c. 

387.48 

1.347 

0.269 

1.616 

23.923 

72.845 

0. 

100. COO 

A.CuCO 

2CCO.O-: 

A  .  0  0  1 A  E  04 

4.7516E-01 

2.26226-03 

2.8335E-C3 

2.32 

0.37 

2.68 

96.95 

292, 32 

c. 

394,63 

C.587 

0.053 

0.680 

24.568 

74.073 

c. 

lOC.OOC 

4 . C  vGO 

22C0.0C 

1.&Q26E  05 

3.886A6-01 

7. 5373E-04 

1.493CE-C3 

1.13 

0.15 

1.29 

98.56 

296.32 

0. 

397.45 

0.284 

0.037 

0.321 

24.8C3 

74.555 

c. 

100. OOQ 

6  *  C  CCO 

4 C O.OC 

7.9A1AE-12 

2  *  0711  £  02 

A.0C07E  09 

1 . 6  2  A 1 6  U 

99.26 

0.37 

99,63 

o.oc 

1*49 

0, 

200,74 

49.4A5 

0.185 

49.630 

o.oco 

0.740 

0. 

IOC. 000 

6, COCO 

6CC.0C 

2. L99CE-Q7 

3.1479E  01 

1.0A36E  06 

2.6181E  06 

96. 1C 

1.95 

98.  Ob 

0.01 

7.81 

0. 

203.91 

47,129 

0.955 

48.084 

O.OC2 

3.829 

c. 

100. COC 

6. CC-00 

BCO.Of 

2.6585E-04 

9.9223E  OQ 

3.769CE  03 

6.15A7E  Oj 

87.82 

6.  OC 

93.82 

0.19 

24,54 

0. 

212.36  . 

41.355 

2.823 

44,178 

0.087 

11.556 

0. 

ICC. 000 

6. COCO 

lOCO.O  ■ 

A  .90  1  S  £-02 

3,75236  QC 

6.A77AE  Cl 

7.44026  01 

73. 1C 

12.20 

85. 3C 

2 ,5C 

56.30 

c. 

229.40 

31.866 

5.  317 

37.183 

1.091 

24.542 

0. 

lOC.OOC 

6 ,cvCO 

12CO.OO 

2.6875E  00 

1.971AE  OC 

3.CCA2G  OO 

2. 802  IE  Or 

54.01 

15.29 

69. 3C 

!  5 . 4i 

1C  7 • 39 

0, 

261.40 

CONDITIONS  LEAC 

TO  CAREEN  FORMATION. 

20.662 

5.848 

26. 5  1C 

5*858 

41.083 

c . 

100.000 

6  *  CuOC 

14C0.0G 

6.3697E  01 

1.2CB16  00 

2. 7306  E-0 i 

2. 6 189E-0  1 

33.74 

10.41 

44.15 

45.44 

177.96 

0. 

311.70 

COM- 1 T  T  CIVS  IE  AC 

TO  C  ARE  ON  FORMATION. 

10.825 

3.339 

14. 165 

14.578 

57.093 

0. 

100. COC 

6.CCCC 

16C0.GC 

8.2139E  02 

8.2A39E-01 

A.0C6S6-C2 

4.61496-02 

16.86 

4.3C 

21.16 

74.54 

240.83 

c. 

357.68 

4.713 

1.2C3 

5.915 

20.840 

67.330 

c. 

ICC. 000 

6. CcOO 

1800.00 

6.79G4E  03 

6 .08336-0 1 

8. 3AA5E-03 

1« 1 802E-Q2 

7.49 

1.49 

8.98 

89.54 

274.56 

0. 

382.05 

1.961 

C-389 

2*349 

23.426 

71.865 

c. 

lOO.OOC 

6  *  C  CCO 

2000. OC. 

A  ,  00 1 A  £  OA 

4.7516E-01 

2.2622E-C3 

3. 8389E-C3 

3.41 

0.54 

3.95 

95,52 

283.70 

0. 

392.11  ... 

C.869 

0.137 

1.0C6 

24.  ItO 

73*628 

0. 

100. OOO 

o.cuco 

22C*.  .00 

1.0O36E  05 

3.886A6-01 

7. 5372E-0A 

1.A938E-03 

1.68 

0.22 

1.89 

97.89 

294.53 

Cr  ft 

396,21 

0.424 

C.055 

0.478 

24.7C6 

74.337 

0. 

lOC.OOC 

i2..cv.cg 

ACC.  OC 

7 . 9  A  LAE-12 

2.0711E  02 

4.0C07E  Q9 

2  *02  HE  1C. 

99.44 

0.  26 

99.72 

O.OC 

1.13 

0. 

200.56 

49.579 

0,140 

49.719 

0.000 

C.  562 

0. 

lOC.OOC 

12. COCO 

600.00 

2. 199CC-07 

3.1A796  01 

1.0A3EE  06 

3.0226E  06 

97. C3 

1.48 

98.52 

o.oc 

5.93 

c. 

202.97 

47.8C8 

C.730 

48.537 

O.OM 

2.924 

0. 

100. ccc 

U.LvOU 

80 O.OC 

2.65  65  E-OA 

9.&223E  OC 

3.769CE  03 

7.  1863E  0 i‘ 

90.67 

4.61 

95.28 

0,11 

18.77 

0. 

209,44 

43.292 

2.20  2 

45.494 

0.051 

8.961 

0. 

100.000 

12.CC0C 

lCOG.OC 

A.9C16E-02 

3.75236  OC 

6.477AE  01 

8*  794  IE  01 

78.98 

9.79 

88.77 

1.44 

43.46 

c. 

222*46 

35.5C2 

4.402 

39.9C4 

0.646 

19.545 

0. 

10C.GCO 

12. C COO 

1200. OC 

2.68756  00 

1  *  9  7 1 4  E  OC 

3 . OC 426  OC 

3.2525E  OC 

62. 8e 

13.88 

76.76 

9.36 

83.61 

0. 

246*49 

25.5C9 

5.631 

31.140 

3.798 

33.921 

0, 

lOC.OOC 

12-AvOO 

1AC0.0C 

6. 3697  E  01 

1.2081E  OC 

2  # 73C6E-C 1 

2.85A7E-01 

44.52 

11.43 

56.45 

31.62 

142.57 

0. 

287.10 

15.508 

4.155 

19.663 

11.013 

49.661 

0. 

100. COC 

12.COOO 

16C0.CC 

8.2139E  02 

8.2439E-C1 

4.0G65E-C2 

4. 7727E-02 

26.35 

6.36 

32.71 

60*94 

2C8. 24 

c. 

334.59 

7.875 

1.9C0 

9.775 

16.213 

62.238 

0. 

lOO.OOC 

12  ?  CO0Q 

laco.o^ 

6*  79846  03 

6.0833E-G1 

6.3A45E-03 

1, 19376-02 

13.29 

2.59 

15.88 

81 .54 

254.95 

0. 

368,24. _ 

3,610 

0.702 

4.312 

22.142 

69.234 

c. 

ICO. COC 

12 . C  000 

2000. OC 

4.C014E  OA 

A , 75166-01 

2.26 22E-C2 

3. 8544E-C3 

6.45 

1.01 

7.45 

51.54 

278,64 

0. 

385. C9 

1.674 

0.261 

1.936 

23.771 

72.358 

0. 

IOC. CCO 

12. c ooo 

2  2CO.0C 

1.8J36E  05 

3.B664E-01 

7.537HC-C4 

1.4962E-0J 

3.26 

0.42 

3.65 

95.85 

209.36 

0. 

392.63 

0.632 

C.1C7 

0.9J9 

24.424 

73.699 

c. 

lOC.OOC 
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TABLE  F-2A 

PRODUCT  COMPOSITIONS  FROM  HY0RQCAR80N  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CH4  (  1  VJ  MUL  C  BASIS),  STEAH/C  RATIO  2.0 
ELEMENTAL  COMPOSITION 


C { ATOMS ) 

H ( ATOMS )  CM  ATOMS  I  N2(M0LS) 

100 .00 

800, 

.00  200 

.OC  0 

* 

■ —  ■  '  -  -  ■ 

CONDITIONS  A NO 

EQUILIBRIUM 

CONS  TAN  IS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

'  - 

P ( Af MI  T (DEG  F) 

KR 

KS 

KC 

RT 

H20 

CQ2 

CH4 

CO 

W2 

N2 

TOTAL 

MOLS 

MOLS 

MOLS 

MOLS 

MOLS 

MCLS 

MOLS 

HOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

l.GCOO 

400.0  ; 

7.9414E-12 

2 .071 IE  02 

4.GQG7E  09 

1.94196  1 : 

197.64 

1.18 

96.82 

O.O.- 

4.71 

0, 

3Q£,36_. 

65. 368 

0.390 

32.664 

0.000 

1.558 

0. 

100.000 

1.0000 

600.00 

2. 1 99CE-07 

3.1479E  01 

1.04 3 at*  06 

2.94896  06 

187.73 

6.12 

93. B5 

0.03 

24*57 

0* 

312.3', 

60.111 

1.961 

30.051 

O.OuS 

7,868 

0. 

100.00  ■ 

1 -DOOO 

800.0.- 

2.6585E-Q4 

9.1223E  00 

3.7690E  OJ 

7.05746  OJ 

162.75 

18.16 

80 .91 

0.9  3 

75.43 

0. 

3  38.18 

48. 125 

5.369 

23.925 

0.276 

22.3u5 

0. 

100-00° 

1.0000 

1000.00 

4.90  18E-02 

3.7523E  00 

6.4774E  01 

9.5125E  01 

L  23 . 58 

32.46 

56.03 

11.51 

164.36 

0. 

307.93 

31.855 

8.367 

14.445 

2.966 

42.367 

0. 

IOC  *00  j 

1 .0000 

1200.0G 

2.6875E  00 

1.9714F  00 

3*03426'  0^ 

6-0J92C  0; 

83.32 

31.33 

19.66 

49,01 

272.36 

0. 

46u • 69 

19.172 

6.801 

4.267 

10.639 

39.121 

0. 

100.00  j 

1.0000 

1400.0° 

6.3697E  Ot 

1.2081E  01 

2* 7306 E- 01 

1.9882E  0^ 

79.19 

22.74 

1.93 

75.33 

316.94 

0. 

496.14 

15.962 

4.583 

0.389 

15.183 

63.883 

0. 

100. OG ■ 

1 .01*00 

160°  ,0v* 

8,2 1 3 9 E  02 

8.2439E-Q i 

4*  0069C-02 

1.3037F  Qc 

82.52 

17.63 

•  15 

82*21 

317.17 

o. 

499.69 

16.515 

3.529 

0.031 

16.452 

63.473 

0. 

lOO.OOu 

1.0000 

1800.00 

6. 7984  E  03 

6*0833£-0l 

8,  3445O0J 

4, 6844E-01 

85.78 

14.24 

0.02 

85.74 

314.19 

(/« 

499.96 

17.157 

2.848 

0.004 

17.150 

62.842 

0. 

100.00 j 

l.QUOG 

2000.00 

4  *0G 14E  04 

..4,75166-01 

2,  2422^03 

7. 6192E-01 

88.16 

11.84 

G  .00 

88.15 

311*83 

0. 

499.99 

17.632 

2.368 

0.091 

17.631 

62.367 

0. 

100.00^ 

l.OOOu 

2200. D j 

l.d036E  05 

3.8364E-01 

7,  537  2E-G4 

G.2661E-01 

89.88 

10.12 

0.0  3 

89.88 

310,12 

0, 

506  .00 

17.976 

2.025 

G.OOj 

17.975 

62.024 

c* 

100,00 

2.  CO GO 

400*09 

7 .94 14E-12 

2 *071 IE  02 

4.0107E  09 

2. 1009E  1; 

198.21 

0.89 

99.11 

0.00 

3.57 

0. 

301,79 

65.680 

0.296 

32.840 

0.000 

i.  184 

0. 

100.000 

2.COOO 

600.00 

2.199CE-07 

3.14T9E  01 

1,04386  06 

3.4o26E  06 

190.65 

4.67 

95.32 

0.01 

16*72 

0. 

309.37 

61.624 

1.509 

30.81° 

0*005 

6*052 

0. 

100. OOC 

2.0000 

890.00 

2.6585E-04 

9.02236  00 

3.J69CE  03 

8.1867b  OJ 

171.16 

14.15 

85.31 

0.53 

58.22 

0. 

329. 3 8_ 

51.964 

4.297 

25.901 

0,162 

17.675 

0. 

100.00° 

2*0000 

looo. o: 

4.9018E-02 

3.7523E  00 

6, 4774C  01 

1.G704E  02 

138.36 

27.39 

65.75 

6.87 

130.15 

0, 

368.51 

37.545 

7*432 

17.841 

1.86  3 

35,318 

0. 

100.000 

2.000° 

1200. OC 

2.6875EJOO 

1.97148  00 

3*  J942E  Ov» 

5, 3623E  Oj 

102.50 

31.05 

33,55 

35.4° 

230. 4v 

0. 

432,90 

23.678 

7.172 

7.750 

8.178 

53.223 

0* 

100. OOC  ” 

2.0c 00 

1400.0; 

6, 3697 E  01 

L  *208  IE  jpU. 

2, 7306E-J1 

i.141:;e  c:_ 

83.08 

17.046 

23.24__ 

4.768 

6.32 

1.296 

70.45 

14.454 

304.29 

62.435 

o. 

0. 

A  87. 37 

100.00 V 

2.0009 

1600. OC 

8.Z139E  02 

8.243^6-01 

4.0°69E-02 

6.6059E-01 

82.92 

16.625 

17.68 

3.545 

0,61 

0.122 

81.71 

16.381 

315.86 

63.326 

0. 

9, 

498.78 

100*00^ 

2.C,0u_ 

ltfUO.Q? 

6.7984E  03 

6^0833 6-01_ 

8.  3445E— J3_ 

4. 849AE— 01 

35.83 
L7. 170 

14.25 

2.850 

0.07 

0.015 

85.68 

17.141 

314.03 

62.824 

0, 

0* 

499*85  _ 

LOO.OOv.' 

2.0000 

2000.00 

4.u014£  04 

4.75L6E-01 

2. 2622 F- 03 

3.8106E-01 

08c  1 7 
17.635 

11.84 

2.369 

G.01 
0.00  2 

88.  14 
17,630 

311.81 

62.364 

0* 

0. 

499.98 

100. 9Q% 

_ 2.0000 

2200.0. 

U8036E_05 

3. 8 864 E- 01 

7.537JE-04 

J. 13326-01. 

89.88 

'""17.976 

198.64 

65.917 

10.12 

2  .  0  2  5 

O.OC 

C.001 

89.87 

17.975 

310.12 

62-024 

o» 

0. 

499.99 _ 

1QO.OOL 

4.0900 

400.00 

7 .94  14  E-12 

2,:711E  02 

4. O0O7C  09 

2.652BE  i'J 

0.68 
0.22  5 

99.32 

32.959 

0,00 

0.000 

2.71 

G.9U0 

0. 

0. 

301*36 

100.005 

_ 4.QOOC _ 

6C0.Gc 

2.1 99CF-07 

3*14796  01.. 

1.0438C  06 

3.92376  06 

192.88 
62. 802 

3.56 

1.156 

96.44 
31 . 400 

O.Oi 

0.003 

14.25 

4.638 

0. 

d. 

397.JL3 _ 

lob.obo 

4.0000 

a oo. co 

2.6585E-04 

9 .02  2  3E  00 

3.769CE  03 

9.4805E  G3 

177.80 

55-130 

10.95 

3.395 

ee.  75 

27.518 

0.31 

0.095 

44.71 

13.863 

0. 

0. 

322.51 

100. DO- 

_  4.0100 

1000.0 

4,90 iee-02 

3.7523E  00 

G.4774E  Cl 

1.2217E  02 

151,13 

42.825 

22.42 

6.354 

73,55 

20,843 

4.02 

1.140 

101.77 

28*837 

0* 

0. 

35  2.  90 _ 

lOO.OOvt 

4.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3* 0042 E  0° 

5.36516  0-- 

118.11 

29.136 

29,20 
7.2  J4 

47.31 

11.671 

23.49 

5.794 

187.27 

46.196 

0. 

0. 

405.38 

loo.  oo; 
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TABLE  F-28 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STeAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CH4  '{  100  HOL  C  BASIS),  STEAM/C  RAT  lU  2.0 


ELEMENTAL  COMPCSITION 

C(AIOMS)  HlAIQMSJ  C (ATOMS  1  N2(MULS) 

ICC. 03  -  fiOO.OO  200. QC  0 


CONDI  1 IONS  AND 

EQUILIBRIUM 

CONSTANTS 

■ 

-  - 

EQUILIBRIUM 

PRODUCT 

compositions" 

- 

PIATK1 

MDEU  FI 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CO 

H2 

N2 

TOTAL 

MOLS 

MOLS 

MOLS 

MOLS 

MQLS 

MOLS 

MOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  HOL  PC 

MOL  PC 

4.r^oo 

1400 *(P 

6.3697F  01 

1.20816  OQ 

2.7306F-J1 

7.8149E-01 

91. 7T 

24.08 

15.85 

60.06 

276. 53 

0. 

468.30 

19.597 

5.143 

3.385 

12.826 

59.049 

0. 

100.00U 

4.CCOO 

1600. Ou 

8.2139E  02 

8.2439E-01 

4.0069E-02 

3. 46846-01 

64.40 

17.86 

2.26 

79.87 

311.08 

0. 

495.48 

17.033 

3.605 

0.456 

16.121 

62.784 

0. 

100,000 

4 « OuQG 

l  BOG  .0 

6.7984E  03 

6.0833E-01 

8.34456-03 

2.4399E-01 

86.02 

14.27 

0.29 

85,44 

313. 4u 

0. 

499.42 

17.224 

2.857 

0.058 

17.109 

62.753 

0. 

100.000 

4. OuOO 

2000. CO 

4 . 00 14  E  04 

4.75166-01 

2. 2622E-03 

1 • 9072E-0 1 

88.20 

11.85 

0.05 

ee.  ii 

311.7. 

0. 

499*90 

17.644 

2.370 

0.010 

17.624 

62.352 

0. 

100.000 

4.GOQ0 

220u  .OV 

1.8036E  05 

3 • 8  8646-01 

7.53736-04 

1. 56696-01 

89.89 

10.12 

0.01 

89.87 

310,09 

0. 

499.98 

17.978 

2.025 

0.002 

17.974 

62.021 

0. 

100.000 

6 1 0000 

400.00 

2.37U6-&2- 

_4.0Qj&ZS.  0?, 

_99.42„ 

._-.2r3.L_ 

_.xu _ 

J01.15 _ 

66.029 

0.  191 

33.014 

0.000 

0.766 

0, 

100.000 

6.0000 

600 . OU 

2.199CE-Q7 

3.1479E  01 

1.0438E  06 

4.25926  06 

193.94 

3.03 

96.96 

0.01 

12.14 

0. 

306.07 

63.363 

0.990 

31.681 

0.002 

3.965 

0. 

100.000 

6*  COOv 

8QO.OC 

2.65856-04 

9.0223E  00 

3.769CE  03 

1.03226  04 

180.99 

9.40 

90.38 

0.22 

38.25 

0. 

319.23 

56.695 

2.943 

28,313 

0.069 

11.930 

0. 

1GQ.QU  ; 

6.0000 

1000.00 

4.9O18E-02 

3.7523E  00 

6.47746  01 

1.32426  02 

157.59 

19.74 

77.33 

2.93 

87.75 

0, 

345,34 

45.634 

5.716 

22.393 

0.948 

25.409 

0. 

100,000 

6.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.00426  00 

5.5414E  QO 

127.06 

27.48 

54.54 

17.97 

163,85 

0. 

390.91 

32.505 

7.030 

13.953 

4.598 

41,914 

0. 

100.000 

6 • CO 00 

1400. CC 

6*36976  01 

1 .20816  00 

2#  73066-0 1 

6.85916-01 

99.09 

24.50 

23.59 

51.92 

253.73 

0. 

452.82 

21.883 

5.410 

5.209 

11.465 

56.033 

0. 

100. 000 

6.000'v 

_ 1600*00.  __ 

8.2139E  02 

8.2439E-01 

4.0069E-02 

2.4787E-01 

86.48 

18.11 

4.59 

77.31 

304.35 

0. 

*90.83 

17.619 

3.689 

0.934 

15.750 

62-008 

0, 

loo,  oo; 

6. 00 00 

iaoo.OG 

6.7984E  03 

6.0833E-01 

8. 34456-03 

l. 6430E-0 1 

86.34 

14.30 

0.64 

85.06 

312.38 

0. 

498.72 

17.312 

2. 868 

0.123 

17.055 

62.637 

0. 

100.000 

2000.0” 

4.0014E  04 

4.75166-01 

2.2622E-03 

1.2736E-01 

88.26 

11.05 

0.11 

68.04 

311*53 

0. 

499.78 

17.659 

2.371 

0.022 

17.616 

62.332 

0. 

100.000 

6.UGUG 

220G.C-0 

1.8036E  05 

3.88646-01 

7.53736-04 

1.04506-01 

89.90 

10.12 

0.02 

89.85 

310.05 

0. 

499.95 

17.981 

2.025 

0.005 

17.972 

62.017 

0. 

100.000 

12*0003 

400 . Lj 

J  Lili  \A 

2.07116  02 

4.00076  09 

3.0120E  lc 

199.13 

0.44 

99.56 

o.oo 

1.75 

0. 

300.87 

66.182 

0.145 

33.091 

0.000 

0.581 

6'.“ 

100.000 

12. CD 00 

6CC.0O 

2.19906-07 

3.14796  01 

1.043eF  06 

4.90376  06 

195-39 

2.30 

97.69 

0.00 

9.22 

0. 

304.61 

64. 145 

0.756 

32.072 

0.001 

3.027 

0. 

100. ooc 

12.0000 

800.00 

2.65836-04 

9.0223E  OG 

3. 769GE  03 

1.19256  04 

185.45 

7.21 

92.66 

0.13 

29.2  2 

0. 

314.67 

53.935 

2.291 

29.448 

6.040 

9.286 

0, 

100,000 

12. OUOO 

1000.00 

4.901 86-02 

3.7523E  00 

6.4774c  01 

1.52366  02 

166.98 

15.66 

82,64 

1.69 

67.74 

0. 

334.71 

49.887 

4.680 

24.691 

0.506 

20.237 

0. 

100.000 

12.0003 

120 Q.Q~ 

2.6875E  00 

U 97146  00 

3,00426  00 

6,04796  Oi 

141.21 

23.88 

65.09 

11.03 

128.60 

0. 

369.82 

- 

38.185 

6.457 

17.601 

2.983 

34*775 

0. 

100.000 

1 2  * Gu  00 

1400. Ov 

6.3697E 

01 

-1  *208 IE  00_ 

2.  7306E-01 

6.192GE-01 

113.75 

24.45 

38*21 

37.34 

209.83 

0. 

423.58 

26. 855 

5,773 

9.020 

8.815 

49.537 

0. 

100.000 

12  t CuOO 

1600.0V 

U.2139E 

02 

8.24396-01 

4.00696-02 

1.588GE-01 

93.76 

18.85 

12.61 

68.53 

281,01 

0. 

474.77 

19.749 

3.971 

2.657 

14.435 

59,188 

0. 

100. ooc 

12.CCOO 

l  aoo.y/*,_ 

6. 19846. 

03 

6.08336-01 

8. 3445E-03 

8. 6346E-02 

37.90 

14.47 

2.37 

_ §3._l6m 

307,35 

0, 

495*26 

17.749 

2.921 

0,479 

16.791 

62.059 

0. 

100.000 

la.u-uo 

2000 , GO 

4,00 14  E 

04 

4.7516E-01 

2. 2622E-03 

6*  42  56E-02 

88.55 

11.86 

0,43 

87.69 

310.59 

0. 

499.14 

17.740 

2.360 

0.986 

17.569 

62.225 

0. 

100.000 

12.CLG0 

2200.00 

1*80366  05 

3 , 33646-0!. 

7.5373E-34 

.  5*  23536-02 

89.96 

10.13 

0.09 

89.77_ 

309.85 

0. 

499.81 

ls.o'oo 

2.027 

0.019 

if. 962 

61.993 

0. 

IOC. 00^ 
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TABLE  F-3A 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAK  REFORMING  AND  SHIFT  EQUILIBRIA 

STf  A  H~R  EFORMfc R~ FEEtT  CH4  TToO  HQL T  ‘  BA  SI  S) 7~STE AM/C  RA  UQ  57b 


ELEMENIAL  COMPCSITION 

C  (  ATOMS  )  H  t  ATOMS  I  OUTOHS)  N2{ML}L5) 

ICO. 00  1000.00  300, OC  0. 


CONDITIONS  AND 

EOUIMbR  IUH 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P( ATM) 

F (DEG  FJ 

Kft 

KS 

KC 

R  T 

H20 

C02 

CH4 

CO 

H2 

N2 

TOTAL 

MOLS 

MOLS 

MOLS 

MOLS 

MOLS 

MOLS 

MOLS 

HOL  PC  MOL  PC  1 

KOL  PC  HOL  PC  MOL  PC  MOL  PC 

MOL  PC 

l*Qy m. 

400.00 

7.9414E-12 

2 .07 1  IE  02 

AsOOOTE  09 

£r 440 06  10 

296.89 

98.A5 

0.00 

6.22 

0. 

403.11 

73.651 

0.385 

24.422 

O.OuO 

1.542 

o. 

100.00fl 

1,0000 

600.00 

2.I99CE-07 

3.1479E  01 

1.0438E  Q6 

3*  924  IE 

06 

283.82 

B.07 

91.90 

0.03 

32.38 

0. 

416.21 

68.193 

1.940 

22.080 

0.U07 

7.780 

0, 

KjO.UUu 

uc^oo 

800. Ot 

2.6585E-04 

9.0223E  OU 

3.769CE  03 

9.8449E 

03 

251.05 

23.95 

75.00 

1.05 

98.95 

0. 

450.00 

55.789 

5.323 

16.667 

0.233 

21.989 

0. 

100.000 

1. 0000 

lOCu.QO 

4.9018E-02 

3.7523E  00 

6.4774E  01 

1.5009E 

02 

200.73 

43.54 

44.28 

12.18 

210.71 

0* 

511.45 

39.248 

8.514 

8.657 

2.382 

41.199 

0* 

100.000 

1 • 0000 

1200.00 

2.6075E  00 

1.9714E  00 

3.0042E  GO 

1.3233E 

01 

163.93 

45.65 

9,58 

44.76 

316,90 

o. 

580.83 

28.224 

7.  8  60 

1.650 

7.707 

54.559 

0. 

100. 009 

1.000Q 

1400.00 

6.3697E  01 

1 . 2Q81E  00 

2.  73Q6E-01 

5. 6587E 

00 

1  f.  3 . 7  4 

36.89 

0.63 

62.48 

335.01 

0. 

598.74 

6.162 

0.105 

10.435 

55.952 

0. 

100.000 

1.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

3.64176 

OC 

170.21 

29.84 

0.05 

70*11 

329.69 

0. 

599,90 

28.373 

4.974 

0.008 

11.687 

54.957 

100.000 

l.OOOJ 

laco.oi' 

6.7964E  03 

6.0833E-01 

6.3445E-03 

2.6176E 

00 

175.29 

24.72 

0,01 

75.27 

324.70 

0. 

599.99 

29.215 

4.120 

o.oul 

12.546 

54.118 

0. 

100.000 

l .OuOO 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-G3 

2.0120E 

Qu 

179.05 

20.95 

0.00 

79.05 

320.95 

0. 

600.00 

29.841 

3.492 

0.000 

13.174 

53.492 

0. 

100.000 

l.GCOO 

2200.00 

1.8036E  05 

3.8664E-01 

7.5373E-04 

1.6286E 

00 

181.83 

18.17 

0.00 

81.63 

318.17 

0* 

600.00 

30.304 

3.029 

0.000 

13.638 

53.029 

0, 

100.000 

2. CO 00 

400.00 

7.9414E-12 

2.07UE  02 

4.0007E  09 

2.60756 

1C 

297.64 

1.18 

98.82 

0.00 

4.72 

0. 

402-36 

73.975 

0.293 

24.561 

0.000 

1.172 

0. 

100.000 

2  ,Q<  00 

600.00 

2.I99CE-07 

3.1479E  01 

1.0438E  06 

4.5063E 

06 

287.67 

6.  16 

93.83 

0.02 

24.68 

0. 

412,35 

69.763 

1.493 

22.754 

0.004 

5.985 

0. 

100,00; 

2,0000 

800.00 

2.6585E-04 

9.0223E  00 

3*76906  03 

1.12196 

04 

262.05 

18.67 

80.72 

0.60 

76.50 

0. 

438.55 

59.755 

4.257 

18.407 

0.138 

17.443 

0. 

"l  00.  000" 

2.C00Q 

1000.00 

4.9Q18E-02 

3.7523E  00 

6.4774E  01 

1.5929E 

02 

219.44 

36.54 

55.98 

7.48 

168.60 

0. 

488.04 

_ 

44.964 

7.487 

11.470 

1.533 

34.546 

0. 

100.000 

2.0000 

1200,00 

2.6875E  00 

I.9714E  00 

3.0042E  00 

9. 864  IE 

OC 

177.22 

43.79 

21.01 

35.19 

280.76 

0. 

557.98 

31,761 

7.849 

3.766 

6.307 

50.318 

0. 

100.000 

_ 2*ogoo_ 

1400.00 

6.3697E  01 

1.2081E  OC 

2. 7306E-01 

2.9671E 

00 

165.48 

36.86 

2.34 

60.81 

329.85 

0.. _ 

595.33 

27.797 

6.191 

0.392 

10.214 

55.406 

0. 

100.000 

2.0000 

1600.00 

8.2139E  02 

0.2439E-OI 

4.00696-02 

1.8279E 

O'* 

170.36 

29.84 

0.20 

69.96 

329.25 

0. 

599,60 

28.412 

4.977 

0.033 

11.668 

54.911 

Q. 

100,000 

2.0CQ3 

1800.00 

6.7984E  03 

6.0Q33E-01 

8.3445E-03 

1.  3094E 

00 

175.30 

24.72 

0.02 

75.26 

324.65 

0. 

599.95 

29.220 

4.120 

0.004 

12.544 

54,112 

6. 

100,000 

2,0000 

2000.00 

4.00l4c  04 

4.7516E-01 

2.2622E-03 

1.00616 

oo 

179.05 

20.95 

0.00 

79.04 

320.94 

0. 

599.99 

29.842 

3.492 

3.001 

13.174 

53.491 

0. 

100 -000 

_  2  .OCjOO^ 

2200.00 

I.8036E  05 

3.B864E-01 

7.53736-04 

8.1429E- 

■01 

181.83 

18.17 

o.oo 

81.83 

318.17 

0. 

60u . 00 

30.305 

3.029 

0.000 

13.638 

53.029 

o. 

100. OOu 

A « O'J  00 

400.00 

7.94I4E-12 

2.071ie  02 

4.000TE  09 

3.1487E 

10 

298.21 

0.89 

99.11 

0.00 

3.58 

o. 

401.79 

74.221 

0.223 

24.666 

0.000 

0.890 

0. 

100. OOJ 

_ 4 .0000 

600  *  00 

2.199CE-07 

3.1479E  01 

1.0438E  06 

5.1764E 

06 

290.61 

4.69 

95.30 

O.OX 

18.78 

o._ 

409*40 _ 

70.986 

l.  145 

”  23*279 

0.002 

4.588 

0. 

'lOO.OO  1 

4.0^00 

800-00 

2.6585E-04 

9.0223E  00 

3.76906  03 

1.2829E 

04 

270.77 

14.44 

86.21 

0.35 

58,81 

0. 

429.58 

63,030 

3.362 

19.835 

0.081 

13.691 

0, 

100. OOj 

4  ,0000 

icao.oc 

4.90  IBE-02 

3.7523E  00 

6.4774E  01 

1.7497E 

02_ 

235.91 

29.81 

65.72 

4.47 

132.65 

0. 

468.56 _ 

50,348 

6.363 

14.026 

0.953 

28.3iO 

0. 

100.009 

4.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

8.7533E 

03 

194.71 

40.29 

35.01 

24.70 

235.27 

0. 

529.98 

36.740 

7.603 

6.606 

4.660 

44.392 

0, 

100.000 
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TABLE  F-3B 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CH4  (100  MOL  C  BASIS) *  STEAM/ C  RATIO  3.U 
CLEMENT AL  COMPOSITION 

C ( A  I  CMS )  H  f  A  TOMS  I  C(AIGNS)  N2(M0LS) 

Uj.oo  iojo.oj  300.  oc  a. 


CONDITIONS 

AND 

EQL'ILIHIUUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P ( A  1  M) 

1 ( DEG  F) 

KR 

KS 

KC 

KT 

H20 

CD2 

CH4 

CO 

H2 

N2 

TOTAL 

MQLS 

MOLS 

hols 

MOLS 

MOLS 

MGLS 

MQLS 

MOL  PC 

MOL  PC 

MOL  PC  i 

MOL  PC  1 

MOL  PC  MOL  PC 

mol  PC 

4.  uDOv- 

1400.  O') 

6.  3  69  ?  t 

01 

1 ,2081b  00 

2. 73066-01 

U7186E  00 

170.78 

36.68 

7.45 

55.  B7 

314.31 

0. 

585.09 

29.188 

6.268 

1.274 

9.549 

53.720 

0. 

100.00 

4.o0Q0 

1600.00 

3.213SE 

02 

8,2439E“0i 

4. 0069E-02 

9.2781E-01 

170.93 

29.85 

U.  78 

69.38 

327.52 

0. 

596.45 

28.562 

4.988 

0.130 

LI. 593 

54.728 

0. 

100.000 

4 .tuOO 

1300.  Ck1 

6.7984E 

03 

6.G833E-01 

8.3445E-Q3 

6.5586E-01 

175.37 

24.  72 

0.10 

75.18 

324.43 

0. 

599.81 

29.238 

4.122 

0.016 

12.534 

54.090 

0, 

100.000 

4.00*30 

2000.0C 

4.JJ14E 

04 

4.7516E-01 

2. 2622E-G3 

5.Q32UE-01 

179.06 

20.95 

0.02 

79.03 

320.90 

0. 

599.97 

29.845 

3.492 

0.0D3 

13. 172 

53.487 

0. 

IOC. 000 

4 . UGOQ 

2200.00 

1.8036E 

05 

3.8B64E-01 

7. 5373E— Q4 

4.0717E-01 

181.83 

18.17 

0.00 

81.82 

318.16 

0. 

599.99 

30.305 

3.029 

O.OJl 

13.637 

53.028 

0. 

100. OOu 

6. GOOD 

7.94 14 £ 

-12 

2.071 IE  02 

4..0007E  09 

3.4972E  10 

298.48 

0.76 

99.24 

0,00 

3.04 

0. 

401.52 

74.337 

0.189 

24.716 

0.000 

0,738 

0, 

100.009 

6. GOOD 

600*00 

2 . 1990 E 

-07 

3.1479E  01 

U0438E  06 

5.6118E  06 

292.00 

4.00 

96.00 

0.01 

16.00 

0. 

408.00 

71.568 

0.979 

23.529 

0.0)2 

3.922 

0. 

100.000 

6 ,oUQO 

300.  OJ 

2.6S85E 

-04 

9.0223E  00 

3.769GE  03 

1.3888E  04 

274.96 

12.40 

87.35 

0.25 

50.34 

0. 

425.29 

64.651 

2.915 

20.539 

0.059 

11.836 

0. 

100.000 

6.C000 

IQGO.O'J 

4.9018E 

-02 

3.7523E  00 

6.4774E  01 

1.  865 Be  02 

244.31 

26.21 

70.52 

3.28 

114.66 

0, 

458.97 

53.230 

5*710 

15.364 

0.714 

24,982 

0, 

100.000 

6.0000 

1200.0' 

2.6B75E 

00 

1.9714E  00 

3-QQ42E  go 

8.6£22E  OC 

205.52 

37.58 

43,  10 

19.32 

208.28 

513.80 

40.000 

7.314 

8,388 

3.760 

40.538 

0. 

100.000 

6.G0G0 

1400.0 

6. 3697  E 

01 

1.2081E  00 

2*  73066-01 

1.3539E  00 

176.60 

36.35 

12.96 

50.69 

297.48 

0. 

574.08 

30.762 

6.333 

2.257 

8.829 

51.818 

0. 

100.000 

6.0000 

1600.00 

8.2139E 

02 

8 . 2439E-0 1 

4.0069E-Q2 

6. 3  342E-0 1 

171.82 

29.86 

1.68 

68.46 

324.81 

0, 

596.64 

28.799 

5.00* 

0.282 

11.475 

54.441 

0. 

100.000 

6. 0000 

1800.00 

6.7984E 

Q3 

6.0833E-01 

8.3445E-03 

4.3854E-0 1 

175.49 

24.73 

0.21 

75.06 

324.08 

0. 

599.57 

29.269 

4.124 

0.036 

12.519 

54.052 

0. 

100.009 

6,0000 

2000.0., 

04 

4 . 751 6F.-Q  1 

2.2622E-Q3 

3.3563E-01 

179.08 

20.95 

0.04 

79.01 

320.84 

0. 

599.93 

29.851 

3.493 

0.006 

13.170 

53.48 i 

0. 

100,000 

6.0000 

2200,0 

l .3036E 

05 

3.B864E-01 

7.5373E-04 

2.  7148E-01 

181.83 

18.17 

0.01 

61.82 

318.15 

0. 

599.98 

30.307 

3.029 

0 . 0-J 1 

13.637 

53.026 

0, 

100.000 

1 2.0.0  a 

40U.0.; 

7.94 14  E* 

-12 

2 .«j71  IE  02 

ii.Q5P-I£  _.Q9. 

5.2986E  10 

298.85 

0.58 

99.42 

0*0U 

2.31 

0. 

401.15 

74.497 

0*144 

24.784 

0.000 

0.575 

0. 

100.000 

l 2 . C«uO 

6j0.0.J 

2.199CE' 

-07 

J.1479E  01 

1.043&E  06 

6.45496  06 

293.92 

3.0* 

96.96 

0.00 

12.16 

0. 

406.08 

72.380. 

0.748 

23.877 

O.Ov'l 

2.994 

0. 

100.000 

12.O.00 

8G0.0 

2  -  6>  8.5fc- 

-04 

9.0223E  QO 

3.769CE  Q3 

1.59226  04 

280,83 

9.51 

90.  3h 

_  0.14 

419.31 _ 

66.974 

2.269 

21.545 

0.034 

9.  178 

_ 

0. 

100.000 

12.0600 

1000. -of 

4.9018E- 

-02 

3 .75236  OO 

6.4774E  01 

2.1023F  02 

256.57 

20.76 

77.33 

1.91 

88*78 

0. 

445.35 

57.611 

4.661 

17.363 

0.430 

19*935 

0, 

100.000 

.12.0000 

1200*0''' 

2.6875E 

go 

1.9714E  0.0 

3.0342E  OC 

..  8»  8?_9  2E  .00, 

223.24 

3?.  30 

55.54 

12*16 

1 65^.67 

-io* 

_468,92 _ 

45.659 

6.607 

11*359 

2.407 

33.868 

0. 

100.000 

12.CUG0 

1400. vl 

6.3697E 

01 

1.2C81E  00 

2,7  306E-0I 

U0529E  00 

191.03 

35.00 

26.04 

38.96 

256.89 

0. 

547*93 

34.865 

6.388 

4.75^ 

ran 

46.frKV 

0; — 

~10G. 000 

12 • 00 Oa 

1600. OP 

6*21396 

02 

8.2439E-01 

4. 00696—02 

3*  52606-01 

175.61 

29.86 

5,68 

64 . 46 

312.83 

0. 

588.64 

29.868 

5.073 

0.965 

10.950 

53,144 

0. 

100.000 

12.0000 

,1800.00 

6.7984G 

03 

6.0833E-01 

8.3445E-03 

2.2273E-01 

176.10 

24.74 

0.84 

74.42 

322.23 

0. 

598.33 

' 

29.431 

4.T35 

'"73.140' 

^aZ.-43B 

5  3. “8  5  5 

0. 

— 100 -OTTO 

12.0000 

2000.00 

4.0014E 

04 

4.7516G-01 

f.2622E-Q3 

1.68266-01 

179.19 

20.96 

0.15 

78.90 

320.52 

0. 

599.71 

29.879 

3.495 

0.024 

13.156 

53.446 

0. 

100.000 

12.0000 

2200  #On 

l.833tE 

05 

3.8864E-0 1 

7.5373E-04 

1.3582S-01 

181.86 

IB.  17 

0.03 

81.79 

318,08 

0. 

59'9  *  94 

30.313 

3.029 

0.005 

13.634 

53.019 

0. 

loorooT 
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TABLE  F-4A 


PRODUCT  COMPOSITIONS  FROM  HYQRQC ARBQN  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CH4  t 100  MOL  C  BASIS),  STEAM/C  RATIO  4.0 


ELEMEN1AL  COMPOSITION 

C l ATOMS )  H l ATOMS )  OIATGMS)  N2IMOLS) 

10C.QO  IZCO.OO  400.00  U„ 


CONQITIONl  AND 

EQUIUBRiOH 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

PI  ATM) 

TIDEG  F) 

Kft 

KS 

KC 

RT 

H20 

C02 

CH4 

CQ 

H2 

N2 

TOTAL 

MQLS 

MGLS 

hols 

MQLS 

MOLS 

MGLS 

MOLS 

MOL  PC  MOL  PC  1 

MOL  PC  1 

HQL  PC  MOL  PC  MOL  PC 

MOL  PC 

1,0000 

400.03 

7.9414E-12 

2.071 IE  02 

4.0007E  09 

3.1173C 

10 

396.19 

1.91 

98.09 

o.on 

7.62 

0. 

503.81 

78.639 

0.378 

19.471 

0,000 

1.513 

0. 

LOG.  00.* 

1.0000 

600.00 

2  •  199GE-0T 

3.1479E  01 

1.0438E  06 

4.7995E 

06 

380.20 

9.88 

90.09 

0.03 

39.62 

0. 

519.83 

73.140 

1.901 

17, 330 

0.006 

7.623 

0. 

100.000 

l.QCGO 

800 ,00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.2549E 

04 

340.48 

29. 19 

69.67 

1.14 

120.18 

0. 

560.66 

60.728 

5.206 

12.426 

0.204 

21.436 

0, 

1O0.CJU  ' 

1.0GOO 

1000, OC 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.1600E 

02 

281.90 

52.84 

34.74 

12.42 

248,62 

0. 

630.52 

44.709 

8.380 

5*510 

1.970 

39.431 

0. 

IOC. 000 

1 ,cooo 

1200,00 

2 • 68 75 £  00 

1.9714E  00 

3.0042E  00 

2.5397E 

01 

248.80 

56.08 

4.88 

39.04 

341.45 

0. 

690.24 

36.045 

8.125 

0.707 

5.656 

49.467 

0. 

100.009 

1.0003 

1400. CO 

6*36971;  01 

1.2081E  00 

2.7306E-01 

1.1702C 

01 

253.46 

46.82 

C.28 

52.90 

345.99 

0* 

699.45 

36.237 

6.694 

0.040 

7.563 

49.466 

0, 

IOG.OOj 

1 « 0000 

1600.00 

8.2139E  02 

8.2439E-01 

4. 0Q69E-32 

7.  2773E 

0: 

261.17 

38.85 

L‘.02 

61.13 

338,78 

0. 

699.95 

37.313 

5.550 

0.003 

8,733 

48.400 

0.  ' 

IOC  .(HP 

l.OCOO 

1800.00 

6.7984E  03 

6.Q833E-01 

8.3445E-03 

5.C885E 

00 

267.19 

32.81 

0.00 

67.18 

332.80 

0. 

699*99 

38. 170 

4.688 

U.  000 

9.598 

47.544 

0. 

100,000 

L.OOQO 

_2300,0o 

_ 4 .00 14E  04 

4.7516E-01 

2, 262 2E-03 

3.8374E 

00 

271.77 

28.23 

0.00 

71.77 

328.23 

0. 

700.09 

38.824 

4.033 

0.000 

1C  .252 

46.890 

0. 

100.000 

1,0000 

2200.09 

1.8036E  05 

3.8864E-01 

7. 5373E-04 

3.0647E 

00 

275.22 

24.78 

0.  Ou 

75.22 

324.77 

0. 

700. 00 

39.318 

3.539 

0.000 

10.746 

46.396 

0. 

100.000 

2.0000 

400.00 

7. 94146-12 

2 .071 IE  02 

4.0007E  09 

3. 42 63 E 

10 

397.11 

1.45 

98.55 

0.00 

5.78 

0. 

502.89 

78.965 

0.2  87 

19.598 

0.000 

1.150 

0. 

IOC  .GOT- 

2 .0000 

600.00 

2.199CE-07 

3.1479E  01 

1.0438E  06 

5. 489  IE 

06 

384.90 

7.54 

92.44 

0.02 

30.22 

0. 

515.12 

74.721 

1.464 

17.945 

0.004 

5.866 

0. 

100.000 

2.0000 

800.0/ 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.4076E 

04 

353.75 

22.79 

76,54 

0.67 

93.17 

0. 

546.92 

64. 680 

4.160 

13.995 

'0.172' 

IT.  03  6  0. 

loorootr 

2.0000 

1000. OC 

4,90 18E-02 

3.7523E  QO 

6.4774E  01 

2.16I9E 

02 

303.12 

44.50 

47.61 

7.89 

201.65 

0. 

604.77 

50.121 

7.358 

7,873 

1.3J4 

33.344 

0. 

100.00 0 

2.oogo 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1.6516E 

01 

259.24 

53.82 

13.05 

33.13 

314.66 

0. 

673.90 

38.468 

7.  966 

i 

4  .“917 

46.693 

a.  " 

TOO  .000 

2*0000  1400.00  6.3697E  01  1.2081E  00  2.7306E-01  5.9785E  Ou  254.36  46. T1  1.0? 

36.449  6.694  0.154 

2 * CC-00  1600.00  8.2139E  02  8.2439E-Q1  4.C069E-02  3,644^E  Qu  261.25  38.84  0.09 

37.330  5.551  0.U13 

2.0000  1800.09  6.7984E  03  6.0833E-01  8.3445E-03  2.5448E  QQ  267.20  32.81  0.01 

-  ”  '  38,172  4.688  0.002 

2.0000  2000.00  4.0014E  04  4.7516E-01  2.2622E-03  1.9167E  00  271.77  28.23  O.Qu 

38.824  4.033  0.000 

2.0000  2200.00  1.8036E  05  3.0864E-Q1  7.5373E-04  1.5324E  OC  275.23  24. 7B  0.00 

. .  39.318  3.539  0.000 

4.GCQ0  400. OC  7.94 14E-12  2.0711E  02  4.00C7E  09  3.6953E  1C  397.81  1.10  98.90 

79.214  0.218  19.694 

4.0000  600.00  2.199CE-07  3-1479E  01  1.D438E  06  6-2851E  06  388.50  5.74  94.24 

-  75.952  1.123  18.425 

4.0000  800.00  2.6585E-04  9.0223E  00  3.769CE  03  1.5918E  04  364.30  17.66  81.96 

67.957  3.293  15.289 

4,0000  1000.03  4.901EE-02  3.7523E  00  6.4774E  01  2.2883E  02  322.42  36.39  58.80 

— i . .  55.360  6.248  10.097 

4,0000  1200.00  2.6875E  00  1-9714E  00  3.0O42E  00  1.3073E  01  276.16  49.53  25.69 

42.577  7.636  3.960 


52.21  343.49  0.  697.85 

7.482  49.222  0.  100.00:3 

61.07  338.57  0.  699. B2 

8.726  48.380  J.  IOC. 00=7 

67.18  332.70  0.  699.98 

9.597  47.541  S.  ’  lOO.OOC 

71.76  328.23  0.  700.0: 

10.252  46.890  0*  100. OOv 

75.22  324.77  0.  700.00 

10.746  46.396  0.  1QO.O0J 

0.00  4.39  0.  502.19 

0.000  0.873  0.  100. 000 

0.01  23.01  0.  511.51 

0.002  4.498  0.  106.-000 

0.39  71.78  0.  536.08 

0.072  13.389  0.  100.000 

4.81  159.90  0.  582.40 

0.826  27.469  0.  100.000 

24.79  272.46  0.  648.62 

3.821  42.006  0.  100. 000 
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TABLE  F  -48 

PKl.l'UCr  CDHPCSI I  I QriS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHtFf  EQUILIBRIA 

STEAM  RtFORFLR  FEhO  -  Ch4  {IOC  HUL  C  BASIS1  ,  STE4H/C  RAT  It]  A-C 
ELEMENTAL  COMPC5ITION 

C  l a T QM j )  H(ATGHS)  G1ATUMS)  N21MGLSI 

Ilv.O  12^  ■  .  0  Ii  400. OC  0 


CC.jUI  LIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRUCUCT 

Compos  i  t  ir, vs 

R ( A] H) 

T  {  DEG  F  ) 

KR 

K$ 

KC 

RT 

H2Q 

CU2 

CH4 

CJ 

H2 

N2 

TOTAL 

MQL$ 

MOLS 

MOLS 

MOLS 

mgls 

MGLS 

MOLS 

MOL  PC 

MOL  PC 

mol  pc 

MQL  PC 

MOL  PC 

MUL  PC 

MOL  PC 

4 • CC  00 

iaoc-.o: 

6.J697C  01 

1 .208  IE  00 

2. 73G£F-ul 

•J.2244C  0-: 

257.49 

46,32 

3.81 

49,87 

354.89 

0. 

692.38 

37.189 

6.690 

C.  550 

7.232 

48.368 

0. 

ioo. oor 

4.CC0G 

1600.0/ 

8.2139E  02 

6.2439E-01 

4.00696-02 

1.0349E  Or 

2tl. 53 

38.82 

0.36 

60,82 

337.75 

0. 

699.29 

37.400 

5.552 

0.051 

8.697 

48  *  3 JO 

0. 

100*000 

A  «  V i  0  ■  J 

1800.6' 

6.7984E  03 

6.083  3E-Q 1 

fl. 3445E-03 

1.2734E  0- 

267.23 

$2.81 

0.04 

67,14 

352.68 

0, 

699.91 

38.181 

4.688 

O.OC6 

9.593 

47.531 

0. 

IOC. 000 

4,  (-000 

2C0j.C« 

4.0014b  04 

4.7516E-01 

2. 26226-03 

9. 5950E-0 1 

271.77 

28.23 

0.01 

71.76 

328.21 

0  • 

699.98 

38.826 

4.033 

0.001 

10,251 

46.888 

0. 

100.003 

4,uC00 

2  2  0  0  •  C  ■  ■ 

1.8036E  05 

3.8864E-01 

7. 5373E-04 

/.6621E-01 

275.23 

24,78 

O.Ou 

75.22 

324.7? 

0. 

700.00 

39.318 

3.539 

0.000 

10.746 

46.396 

0. 

lOO.OtFT 

6,0000 

400.0‘* 

7  .'#4146-12 

2.07116  02 

4.O007E  09 

•h*  4306E  1«'- 

398. 13 

0.93 

99*07 

0 ,0.‘ 

3.7  $ 

0. 

501.87 

79.331 

C.  186 

19.740 

0,000 

0.743 

n 

-  % 

100.00-7 

6  *  0000 

600.01 

2.199CE-07 

3*14795  01 

1.043^86  06 

6.8090E  06 

390.20 

4.90 

95.  10 

0.01 

19.  61 

0. 

509.81 

76.539 

0.960 

18.653 

0.002 

3.846 

0. 

100.00- 

6 , 0  0 0 0 

80c  ,0v 

2.6585E-04 

9.G223E  00 

3.769CE  03 

1.714/E  04 

369.40 

15.16 

84.56 

0.2B 

61.48 

0. 

530.88 

69.582 

2.856 

15.928 

0.053 

11.582 

0* 

ioo.oo?- 

6  •  t  j  00 

lOCO.OU 

4.9O10E-O2 

3.7523E  03 

6.4774E  01 

2.4029E  02 

332.41 

32.02 

64.42 

3.56 

138.75 

0. 

571.15 

58.199 

5.605 

11.279 

0,624 

24.292 

0, 

100.00] 

6.0000 

1200.0*] 

2.6875E  00 

1.9714C  00 

3.0342E  0 v 

1.2276F  01 

287.71 

46.19 

33.90 

19.91 

244.49 

0. 

632.20 

45.509 

7,306 

5.362 

3.149 

38,673 

0. 

1 00.1)00 

6,0000 

1400.00 

6.3697E  01 

1.2061E  00 

2.7306E-01 

2.3767E  00 

261,55 

45.77 

7.33 

46.90 

323.80 

0. 

685.35 

38.163 

6.679 

1.669 

6.844 

47.246 

0. 

100.003 

6 .uoQO 

16OO*0ff 

8.2139E  02 

8.2439L-01 

4.U0696-02 

1.2369E  0  * 

262.00 

38.79 

0.79 

60  *42 

336,42 

0. 

69B.42 

37.513 

5.554 

0.L13 

8.651 

48.169 

0  * 

100.007' 

6.0000 

1800,0’> 

6.798AE  03 

6.0833E-Q1 

8. 3445E-03 

8.501CE-01 

267.29 

32.81 

0.10 

67.09 

332.51 

G. 

699.80 

38.195 

4.688 

0.014 

9.587 

47.515 

0. 

100*00^ 

b*COOO 

2000.00 

A.uOlAE  04 

4*7516E-01 

2. 2622C-03 

6*  3981E-01 

271.78 

28.23 

0.02 

71.75 

328.18 

0. 

699.97 

38.828 

4,034 

0.002 

10.250 

46.885 

0. 

1 0'0‘.  005“ 

6.0000 

2200.00 

1.8036C  05 

3.8864F-01 

7. 5373E-04 

6. 1 G83E-01 

275.23 

24.78 

G.OL 

75.22 

324.76 

0. 

699.99 

39.319 

3.539 

O.OJl 

10.746 

46.395 

0. 

100. OQC- 

12. Cl  00 

4G0.C' 

7.9414E-12 

2.0711E  02 

4*  0007 E  .<09 

4. 1445E  li 

398.59 

0.71 

99.29 

0.00 

2.83 

0. 

501*41 

ii 

79.492 

0.141 

19,803 

0.000 

0.564 

0. 

lOO-GOn- 

12.0000 

6GO.CO 

2.1990E-07 

3.1479E  01 

1.0438E'  06 

7.8Q36E  G6 

392.55 

3.72 

96.27 

0.00 

14.90 

0. 

507.45 

77.357 

0.734 

18.972 

0.001 

2.937 

o. 

100.000 

12.C000 

800. Ot 

2.6585E-04 

9.0223E  00 

3.769CE  03 

1.9530C  04 

376.55 

11.64 

88.19 

0.16 

47,06 

0. 

523.61 

* 

71.914 

2.224 

16.844 

0.031 

8.988 

3. 

nJOiUOTJ 

1 2*0600 

10CO.G- 

4.90 16E-02 

3.7523E  GO 

6.4774E  01 

2.6560F  0? 

347.12 

25.39 

72.51 

2,10 

107.87 

0  • 

554.98 

62.546 

4.575 

13.065 

0.379 

19.436 

0* 

100,000 

12.C00O 

1200. GO 

2.6875c  00 

1 .97146  00 

3,  004  2 1  00 

1. 19  80b  01 

307.69 

39.69 

47.38 

12.93 

197.55 

0. 

605.24 

50.837 

6.558 

7.823 

2.136 

32*640' 

0, 

loc.ao7) 

l  2  •  04  0  v 

1400.1' 

-0.3697L  01 

1.2C016  00 

2. 73G6E-01 

1. 63706  0^ 

273,87 

43.81 

17.69 

38.50 

29C.76 

0. 

664.63 

41.207 

6.592 

2.661 

5.793 

43,74? 

0. 

ioo. qo: 

12*j0u  :■ 

1603.C  '• 

8.2134E  02 

8.2439  £>  Cl 

4*  Or-69E~02 

G.b3ilE“0l 

264.27 

38.62 

2.89 

58.49 

329.94 

0. 

694*22 

38.068 

5.563 

0.417 

8. 425 

47.528 

0. 

100.000 

1 2  .CO 00 

isco.oc 

6 • 79 84 E  03 

6.083  Jt-0 1 

8. 3445F-03 

4.Z813F-G1 

267.60 

32.80 

0.3T 

66.81 

331.61 

0. 

699.21 

38.271 

4,690 

0.056 

9.555 

47.427 

0. 

100. GOO 

12.0000 

20 v 0.0^ 

4.C‘.l4t  04 

4.7?16E-01 

2.2622F-03 

3.203CE-01 

271. 84 

28.23 

u.  07 

71.  TO 

328-03 

L*. 

699.86 

38.841 

4.0  34 

0*010 

10.245 

46.870 

0. 

100*000 

12. COCO 

2  2  C  j  .  C‘  .■ 

1.8J-36E  05 

3.8864E-01 

7. 53736-04 

2.b548E-01 

275.24 

24.78 

0.92 

75.21 

324.73 

0. 

699.97 

39.322 

3.539 

u,0v2 

10.745 

46.392 

0. 

100.000 
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TABLE  F-5A 

PRODUCT  COMPOSITIONS  FkCM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EOU1 L I BRI A 

STEAM  REFORMER  FEED  -  CH4  (  100  MOL  C  BASISI,  STEAM/C  RATIO  5.0 
ELEMENTAL  CQHPCSITIQN 

C  I  ATOMS  J  H ( ATOMS )  0 (ATOMS )  N2(M0L$} 

I C  J .  14UO.OO  500. OC  a. 


■ . 

CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P ( ATM) 

TtOEG  F) 

KR 

KS 

KC 

KT 

H20 

C02 

CH4 

CO 

H2 

N2 

TOTAL 

HOLS 

MOLS 

MOLS 

MOLS 

MOLS 

MOLS 

MOLS 

MUL  PC  MOL  PC  MQL  PC  MOL  PC  1 

KOL  PC  MOL  PC 

MOL  PC 

1 .0000 

400.0 

7 • 94 14  b- 12 

2  * 07 l  IE  02 

4.U007E  09 

3  *  5  7  6  7  E 

1C 

495.52 

2.24 

97.76 

0.0  ? 

8,96 

0. 

604-48 

81.975 

t; .  3  70 

16.173 

0.000 

1.482 

0. 

l0O.OO~j 

l.OOOo 

60'J«QC 

2.199CE-07 

3.1479E  01 

1.0438E  06 

5.6391b 

06 

476.79 

LI. 59 

88.37 

0.04 

46*46 

0. 

623.25 

76. 500 

1.859 

14. ion 

0.006 

7-455 

0. 

IOC. COO 

l.OCGO 

800,00 

2.6585E-04 

9.0223E  00 

3.769CE  03 

1.5255E 

04 

430.76 

34,01 

64,77 

1.22 

139.71 

0. 

670.47 

64.247 

5.073 

9.  660 

0.182 

20*838 

0. 

ICO  .  OOu 

1*0000 

1000.00 

4.90 18E-02 

3.7523E  00 

6-4774E  01 

2.9  717c 

02 

366.35 

60.66 

27.00 

12.34 

279.65 

0. 

745.99 

49.109 

8.131 

i  •  620 

1.654 

37.487 

0* 

ioo*ooo 

1 • CO  00 

1200*0 j 

2.6875E  00 

1.971 ,E  00 

3.00426  00 

4.4187E 

01 

339.09 

63.55 

2.69 

33.81 

355,63 

0. 

794*72 

42.668 

7.997 

0.332 

4.254 

44.749 

0. 

IOC. 000 

1 .0000 

1400,00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

2.0659? 

01 

346.05 

54.  10 

0.19 

45.76 

353.66 

0* 

799.71 

43.272 

6.764 

0,  Ola 

5.722 

44.224 

0. 

100.000 

l-COOv 

1 600 .00 

8.2139E  02 

8.2439E-U1 

4.Q069E-02 

1.24656 

01 

354.23 

A  5*  78 

0.01 

54.21 

345.73 

0. 

799. 9B 

44.280 

5.723 

0.0u2 

6.776 

43.220 

0. 

100. OOT 

' 1.0000 

I800.cn 

6.7984E  03 

6 . 08336-01 

8.3445E-03 

8.5212E 

9C 

360-73 

39.28 

0.00 

60.72 

339.27 

0. 

800. OC 

45.091 

4.909 

O.OOvi 

7.590 

42.409 

0- 

100.000 

L  *  QCOG 

2000. Cv 

4.0014E  04 

4,75166-01 

2. 262  ZE-Qi 

6. 3240“ 

0  • 

365.79 

34.21 

0.00 

65.79 

334. 2L 

0* 

800.00 

45.723 

4.277 

O.OOu 

8.223 

41,776 

0, 

lOO.OOn 

l.COOO 

2200.00 

l.803£E  05 

3. 88646-01 

7.53736-04 

4.9934C 

0-' 

369.69 

30.31 

0.00 

69.69 

330.31 

0. 

800-00 

46.211 

3*789 

O.OOu 

8.711 

41,289 

0. 

100. 000 

2  *0000 

400.0-/ 

7.94 14  E- 12 

2.J711E  02 

4. 00  j  7t  C’4/ 

3,914th 

!«:• 

496.60 

1.70 

98 *  3L 

0.00 

6.80 

0  • 

603.40 

82.301 

0.262 

16.291 

0.000 

1.127 

0. 

100.000 

2.0000 

OC-O.O"1 

Z.199CE-07 

3 • 1479  E  01 

I.J43BC  06 

6.39463 

06 

482.28 

8.85 

91.13 

0.02 

35.46 

0, 

617.74 

78.071 

1-433 

14,752 

0.003 

5.741 

0. 

100.000 

2*0000 

800.0  . 

Z.65B5L-04 

9 .02236  00 

3. 76906  03 

1.6854E 

04 

446.02 

26.63 

72.65 

0.72 

108,68 

0* 

654.70 

’  • 

68.126 

4.068 

11.097 

0.110 

16.600 

0, 

100.000 

£.0000 

1000.00 

4*  90 18E-02 

3.7523E  00 

$.47746  01 

2.7999E 

02 

388.66 

51.50 

40.36 

8.13 

230.42 

c* 

719.28 

54.062 

7.  161 

5. 611 

1.131 

32.035 

0* 

100. COO 

2.0u00 

1200. CC 

2 .6875b  00 

1,97146  OG 

3. 0042 E  0, 

2.6169E 

01 

346.61 

61.52 

8.13 

30.35 

337.13 

0. 

783.74 

44.225 

7.849 

1.037 

3.873 

43.015 

0. 

100.000 

2*0000 

1400. or 

6. 3697 E  01 

1.2O01E  00 

2*  7306C— A 

1.0448E 

01 

346.56 

54.00 

0.56 

45.44 

352.31 

0. 

798.87 

43.362 

6.759 

0*071 

5.688 

44 • lu 1 

0. 

100.000 

2,0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069F-0? 

U. 23834 

Q-\ 

354,27 

45.78 

0*05 

54.17 

345*63 

0. 

799.90 

44.269 

5.723 

0.006 

6*773 

43.2-:  9 

0. 

100.000 

2.0i/0u 

1800.0-j 

6.7984E  03 

$.08336-01 

B. 3445L-03 

4.26111' 

o-. 

360-73 

39.27 

0.01 

60.72 

339*26 

0. 

799.99 

45.092 

4.909 

O.Ool 

7.590 

42.408 

0. 

100. od* 

2 .GUQO 

20C0.0V 

4.0. 14E  04 

4. 75166-01 

Z.2£22l-:> 

.  1 6 2  li 

o  : 

365.79 

34.21 

0.00 

65.79 

334.21 

0* 

800,00 

45. 724 

4.277 

0.000 

8.223 

41.776 

0. 

100. 0CO 

_ 2  ^OOOO 

2200.  Of 

1  * Q036E  05 

3.8864 E- 01 

7.Sj7?E-0m 

2.496  7': 

00 

369.69 

30.31 

0.00 

69.69 

330.31 

0. 

800.00 

46.211 

3.789 

0.  QuO 

8.711 

41-289 

0. 

IQO.OOO’ 

A  •  OCOCl 

400.0C 

7.9414E-12 

2#  J71 IF  02 

4.lb00  7F  j«j 

4.61  79E 

1 

497.42 

1.29 

98.71 

0.00 

5.  16 

0. 

602.58 

82.549 

0.214 

16.381 

0.000 

0.8?6 

0- 

100.000 

4.C000 

600.00 

2-1 99CE-07 

3  *  1  *t  79  "  01 

1.C4  3HC  vt- 

7,3  3  6b 

06 

486.50 

6.75 

93*24 

0.01 

27.02 

0. 

613.51 

79.297 

1.099 

15.198 

0*002 

4.434 

0. 

100. 0'OO 

4.0000 

800.03 

2.6585H-04 

9.v223C  v 

3 .  / 6 9 t 

UES6U 

■JN4 

458.25 

20.66 

78.92 

0*42 

83.91 

0. 

642.17 

71 • 3ul 

3*218 

12.289 

0.065 

13.067 

0. 

10G  .00'.' 

4,0000 

10O0.0J 

4.9U16E-02 

1.75236  g: 

6.477 4t  *J1 

Zt  8->44*_ 

02 

4  1C. 26 

42.33 

5?  *  59 

5.08 

184*56 

0. 

694*82 

59.045 

6.093 

7.  569 

0.730 

26*563 

0. 

100.0 Do 

4*0000 

1200.00 

2.6875E  00 

1.1714:  0‘ 

3.  <*?: 

; .  3  6  8  : 

01 

361. 51 

57.17 

18.68 

24*16  . 

301.14 

0. 

762.65 

47.402 

7.496 

2.449 

3.167 

39.436 

0* 

100 .000 
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TABLE  F^S 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAK  REFORMER  FEED  -  CH4  t IOO  MOL  C  BASIS!,  STEAM/C  RATIO  5.0 


ELEMENIAL  COMPOSITION 

C I  A  TOMS 1  H ( ATOMS J  O(ATUMS)  N2(M0LS! 

1400,00  500.00  0. 


Pt ATM1 

CONDITIONS  - 
T(OEG  F)  Kft 

AND 

EQUILIBRIUM 

KS 

CONSTANTS 

KC 

RT 

4.0  00 

1400.00 

6.3697E 

01 

1.20816  00 

2.7306E-01 

5.4499E 

00 

4.  CO 00 

1600.00 

8.2139E 

02 

3.2439E-01 

4.0069E-02 

3.1306E 

00 

4.0000 

1800. DC 

6. 79  84  E 

03 

6.0833  E -0 1 

8.3445E-03 

_2^1315E 

0  j 

4.0000 

2000*0n 

4.0014E 

04 

4.7516 E“ 01 

2.2622E-03 

1.5B11E 

00 

4. J  00 

22  00.9'D 

1.8036E 

05 

3.8864E-01 

7.5373E-0A 

1.2484E 

00 

EQUILIBRIUM  PRODUCT  COMPOSITIONS 
H20  C02  CH4  CO  H2  N2 

MQLS  MOLS  MOLS  MOLS  MOLS  MOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

348.47  53.64  2. LI  44.25  347.31  0. 

43.790  ”6.741  0.T5T  5T55T'  A3. 644  0. — 

354.44  45.76  0.19  54.05  345.18  D. 

44.326  5.722  0.024  6.760  43.168  0. 

360.75  39.27  0.02  60.70  339.20  0. 

45.097  4.909  O.OUT  7T58B  42.403 - HT“ 

365.79  34,21  0.00  65. 7B  334.20  0. 

45.724  4.277  0.001  8.223  41.775  0. 

369.69  30.31  0.00  69,69  330.31  0. 


TOTAL 
HOLS 
MOL  PC 


799.62 

100.000 


799.99 

100.000 


6.0000 

400 .On 

7.94146-12 

2.07 1 IE 

02 

4.0007E 

09 

4.4755E 

13 

497.81 

1.10 

98.90 

0.00 

82.666 

0.182 

16.424 

0.000 

6.0000 

600,00 

2.1990E-07 

3.1479E 

01 

1.0438E 

06 

7.8994E 

06 

486.49 

79.882 

5.75 

0.940 

94-24 

15,411 

0.01 

0.001 

6. 0000 

_ 800  *0J; 

2.6385S-Q4 

9,0223E 

00 

3. 7690E 

03 

2.0225E 

04 

464.18 

17.76 

81.94 

0.31 

6  *  OOOvi 

1000.00 

4.9Q18E-02 

3.7523E 

00 

6. 47746 

01 

2.9520E 

02 

977969“ 

421.65 

61.790 

2.792 

37.33 

5.471 

~ 12,880 

38.88 

8.631 

7,048 

3.79 

0.556 

6.0000  1200.00  2.6875E  00  1.9714E  00  3.0042E  00  1,67226  01  372.92  53.55  26. 4B  19*97  274.13 

- -  - “497919“  TH 29 - 37544 - 27671—56759 

6.0000  1400.00  6.3697E  01  L.2081E  00  2.7306E-01  3.8634E  00  351.20  53.11  4.31  42.58  340.19 

44.378  6.711  0.544  5.381  42.98 

6,0000  tbOQ.OQ  8^2139E  02  8.2439E-01  4.006 SE-Q2  Z.Q996 E  00  354.71^  45.72 _ 0.43^  53.85^  344.44 

6.0000  1800 .00  6.7984E  03  6.0B33E-01  8.3445E-03  1.4220E  00  360.78  39.27  0.05  60-68  339.11 

45.104  4.909  0.007  7.585  42.39 

6.0000  2000. QC  4.0014E  04  4.7516E-01  2.2622E-03  1.0542E  00  365-80  34.21^  °*00l  ^'zzs  7/ 

6.0000  2200.00  1.8036E  05  3.6864E-01  7.5373E-Q4  8.3227E-01  369.69  30.31  0.00  69.69  330.31 

46.211  3.789  0.000  8*711  41*28 

12.0000  4QQ.0U  7.9414E-12  2.0711E  02 _ ^*&0G7E  09  5.8476E J.Q  498,^?  "  482  U  UUU  vltl 

12.0000  600.00  2.199CE-07  3.1479E  01  1.0438E  06  9.0358E  06  491.25  4-37  95.62  0.00  17.51 

80*697  0.718  15.708  0*001  2.87 

12.0o00  800.0)  2.6585E-04  9.0223E  00  3  T690E  03  2-2896E  04  472.52  13*65  86.17  0.18  55.14 

. . .  .  -  - 757282 - 2.175 - 13.729 - 07028 - 8778 

12.0000  lUQO.Q^  4.90 18 E-02  3.7523E  00  6.4774E  01  3.2023E  02  438.38  29.68  68.06  2.26  125.50 

66.033  4.470  10.251  0.341  16.90 

12*  0000  1200.00  2.6875E  00  1.9714E  00  3.0042E  00  1.5405E  01  394.06  46.26  40.32  13.42  225.30 


372.92 

“49.919" 

351.20 

44.378 

354.71 

44.383” 

360.78 

45.104 

365.80 

"45.726 

369.69 

46.211 

498.34 

"  “82.527 

491*25 

80.697 

472.52 

757282“ 

438.38 

66.033 


53.11 

6.711 


39.27 

4.909 


34.21 

*“4.r27T 


30.31 

3.789 


29.68 

4.470 


95.62 

15.708 


68.06 

10.251 


42.58  340.19 

5.381  42.986 

53.85  344.44 


60.68  339.11 

7.585  42.394 


65.78  334.18 


69.69  330.31 

8.711  41.288 


0.00  17.51 

0*001  2.876 

0,18  55.14 


2,26  125.50 

0,341  18.904 


602.19 


100.000 

611.52 

100.000 


682.24 

100.000 


791.38 

100.000 


799.89 

100.000 


800.00 

100.000 


606.76 

100.000 


663.88 

100.000 


1 2 , 0000 

1400,00 

6.3697E 

01 

1.2081^  00 

2. 73Q6E-Q1 

2.4248E  00 

360.92 

51.08 

12.01 

36.91 

46.512 

6,583 

1.5*7“ 

4.756 

12.0000 

1600.00 

8.2I39E 

02 

6 . 2439E-01 

4.0069E-02 

1.0827E  00 

356,09 

44.692 

45.54 

5.715 

1.62 

0*203 

52.84 

6.632 

12-OQOO 

1800.00 

6.7904E 

03 

6.0333E-01 

8. 3445E-03 

7.1384E-01 

360.96 

39.25 

0.22 

60.53 

’45.145 

4.969" 

6.027’ 

7.570 

12.0000 

2000.00 

4.0O14E 

04 

4.7516E-0L 

2*  2622E-03 

5.2747E-01 

365.83 

45.733 

34.21 

4.277 

0.04 

0.005 

65,75 

8.220 

12.0000 

2200.0: 

1.B036E 

05 

3  « 8864E-01 

7.5373E-04 

4.1620E-01 

369.70 

30.31 

0.01 

69,68 

46.213  3.789  0.0751  8.710  “41*287 — IT, 


775.99 

100,000 

796.76 

100.000 


799.92 
IOC .00) 

799.98 

100,00^ 
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TABLE  F-6 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

■STEAM  RE  FORMER”  FEED-  C3H8  1 100  HOLC'  eVsfSlT  STEAH/C  R^t7IT»~  lltT 


ELEMENTAL  COMPOSITION 

C ( ATOMS ]  H ( ATOMS )  QCATOMSI  N2 (MOLS ) 

luu.Ow  466.67  100*00  C. 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

‘ 

PUTH) 

UDEG  FI 

KR 

KS 

KC 

RT 

H2Q 

C02 

CH4 

CG 

H2 

N2 

total 

MOLS 

MOLS 

MOLS 

MQLS 

MOLS 

HOLS 

MOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

1*0000 

1600.00 

B.2139E  02 

8.2439E-01 

4.0069E-02 

__3. 785  76-02. 

2,98 

1.05 

4.03 

94.92 

222.30 

0  «. 

.325^28 _ 

IOC. 00  ■ 

CONDITIONS  L^AD 

TO  CARBON  FQRHAT1QN. 

0,916 

0.322 

1.238 

29.182 

68.341 

0. 

1,0000 

1800.00 

6.7984E  03 

6.0833E-0 1 

8.3445E-03 

1.0u38E~02 

1.13 

0.29 

1.42 

98.29 

229*37 

0. 

330.5. 

0.341 

0.089 

0.429 

29.739 

69.4u2 

0. 

100,00 

1*0000 

2000.00 

4.0014E  04 

4.75166-01 

2.2622E-03 

3.  3Q68E-Q3 

0.48 

0,  10 

0.58 

99.32 

231.69 

0. 

332.17 

0.145 

6.030 

0.175 

29.900 

69.760 

0. 

100*00 

1.0000 

2200.00 

1 *8036 E  05 

3.6864E-01 

7*  5373E-04 

1.2941E-03 

0.23 

0.04 

0.27 

99.69 

232-56 

0. 

332.79 

0.070 

0*012 

0.081 

29.956 

69,882 

0. 

100.00. 

2.0000 

1600.00 

8* 2139 E  02 

8.2439E-01 

4.00696-02 

3.79396-02 

5.57 

1.95 

7.52 

9U.52 

212.72 

0. 

318.29 

CONDITIONS  LEAD 

TO  CARBON  FORMATION- 

1*749 

0.614 

2.363 

23 .44 i 

66.833 

0* 

100.00', 

2  .OuOO 

1600*00 

6.7984E  03 

6.08336-01 

8. 3445E-03 

1. 00396-02 

2.20 

0.57 

2.77 

96.66 

225.60 

0. 

^27.80 

0.670 

0.175 

C.844 

29.488 

68.824 

0. 

100.00  * 

2.0COG 

2000  *  Of 

4.0014E  04 

4.7516E-0 l 

2.2622E-03 

3.3Q63E-G3 

0,95 

0.19 

1.15 

98.66 

230.08 

0, 

331.-4 

0,288 

0.059 

0.347 

29.802 

69.504 

0. 

10L .00 . 

2*0000 

22CO.OO 

1.8336E  05 

3.8864E-01 

7.5373E-04 

1,29396-03 

0.46 

0.08 

0.54 

99.38 

231. 8u 

0. 

332.26 

0.139 

0.023 

0.162 

29.912 

69.764 

0. 

IOC. 00 

4.CwOO 

1600.00 

B.2139E  02 

8.2439E-01 

4.0069E-02 

3*  80  88E-02 

9.67 

3.44 

13.31 

83.24 

196.83 

0. 

306.71 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

3.219 

1.122 

4.341 

27.141 

64,176 

0. 

100.00 

4  .  OuOO 

1800.0 -J 

6.7984E  03 

6.0833E-01 

8. 3445E-03 

1.0041E-02 

4.19 

1.09 

5.28 

93.63 

218.59 

0. 

322.78 

1.297 

0.338 

1.635 

29.008 

67.722 

0. 

100.00 

4,0»-*QQ 

2000*0  ’? 

4.0D14E  04 

4.7516E-01 

2.2622E-03 

3.30536-03 

1.87 

0.38 

2.25 

97.37 

226.96 

0. 

328. S3 

0,569 

0.116 

0.685 

29.610 

69*021 

0. 

100 • CO 

4.0vQ0 

22C0.JO 

1.8036E  05 

3 .8864E-Q 1 

7*537 3 E-04 

1.29366-03 

0.91 

0.15 

1.07 

98.78 

230.29 

0* 

331,2“ 

0.276 

0.046 

0.322 

29.825 

69.531 

0. 

100.00 

6*0u00 

1600.00 

8.21396  02 

8.2439E-01 

4.00696-02 

3,82216-02 

13.33 

4.62 

17.95 

77.42 

184.10 

0. 

297*43 

CONDITIONS  LEAD 

TQ  CARBON  FORMATION. 

4.482 

1.554 

6*036 

26.031 

61.896 

D. 

100.00  ■ 

6.0CGQ 

1800  *  O'* 

6*79846  03 

6.P833E-01 

8. 344 5 E- 03 

1.QQ42E-02 

6.00 

1.56 

7.57 

90.87 

212.2U 

0. 

318.2^ 

1,886 

0.491 

2.378 

28.557 

66.687 

0. 

100.00. 

6.CCG6 

20C0.Q  ■* 

4.0G14E  04 

4.7516E-01 

2. 2622E-03 

3.3044E-03 

2.75 

0.56 

3*31 

96.13 

223.96 

0. 

326.71 

0.842 

0.172 

1.013 

29.423 

687551 

0. 

100.00C 

6  *  C uOO 

2200.fi- 

1.8. 36 E  05 

^.8864E-0i_ 

7. 5373E-04 

1.2933E-03 

1.36 

0.23 

1.59 

9j§tl9 _ 

228.81 

0.  ■  -- 

0.411 

0.069 

0*480 

29.739 

69.301 

0. 

100.00‘ 

12*0000 

1600.0^ 

8.2139E  02 

8.2439E-01 

4.0069E-02 

3, 85  5  8E-02 

20.69 

7.07 

27.76 

65.17 

157.13 

0. 

277.82 

CONDITIONS  LEAC 

10  CARBON  FORMATION. 

7.446 

2.546 

9*992 

23.457 

56.559 

0. 

100.00- 

12* t  vQ j 

1800.0 

6. 7984 t  03 

6.06336-01 

8.3445E-03 

1.00466-02 

10.62 

2.76 

13.39 

83.85 

L95.94 

0* 

306.56 

3.465 

0.902 

4.366 

27.351 

63,916 

0. 

100.00 

12,;loo 

2000 .0 

4.JJ146  04 

4.7516E-01 

2.2622E-03 

3 .  30 1 6E  -  0  3 

5.19 

1.06 

6.26 

92.68 

215.63 

0. 

320.62 

1.619 

0.331 

1.950 

28.889 

67.211 

p. 

100.00- 

12.GC00 

2200.0 

1 . 6 J36E  05 

3.88646-01 

7~.  53 7 3 E- 04 

1.2923E-03 

2.64 

0.44 

3.08 

96. 4B 

224.53 

-JLju— 

-  327jl-1  7  _ _ 

0.807 

0.135 

0.942 

29,488 

68.627 

0. 

100.00  ■ 
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TABLE  F-7A 


PRCLUd  CO^POSiriU^S  FUOH  HYDROCARBON  E4r,  REFORM  [NG  anq  shift  equilibria 

STEAM  REFORMER  FEED  -  C3H3  UOO  KQL  C  BAS  I  S )  ,  STEAM/C  RAT  IO",  2^0 
ELsi*.;.NF  al  COMPOSITION 

C l A  I Q P $ }  H(ATOMS)  G(AIOHS)  N2{M0LS) 

K-'  tO  6 ‘>6. 6 7  20 j.OC  0* 


Ct  4DI  HONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P( ATM) 

TtOEO  F ) 

KR 

K$ 

KC 

RT 

H2Q 

C02 

CH4 

CO 

H2 

N2 

TOTAL 

HOLS 

HOLS 

HOLS 

HOLS 

HOLS 

HOLS 

MOLS 

MOL  PC  HOL  PC  MOL  PC  HOL  PC  MOL  PC  HQL  PC 

HOL  PC 

l .  AH 

400,  ;■ 

/.9414L-12 

2.071  IE  02 

4.0&97J..09 

r- 
> o 

£ 

s 

IU 

3 

3 

sf 

82.84  _ 

_ 0 .00 

1.99 

0. 

261.66 

61.897 

6.412 

30.948 

0.000 

0.743 

0. 

100.00 

i.o:  o- 

6Gw  #v 

2.19JJE-07 

3.1479E  01 

1.0438E  06 

1.48856  06 

159.17 

2G.39 

79.55 

0.06 

15.06 

0. 

274.23 

58.042 

7,434 

29.010 

0.022 

5.492 

0. 

100.  ooi: 

1  .  ,00 

80C.O’ 

2.6585E-G4 

9.0223E  00 

3.7690E  03 

5.1304E  03 

139.55 

29.57 

69.13 

1.30 

55.53 

0. 

295.08 

47.293 

10*021 

23.426 

0.442 

18*818 

0. 

100.00 

1 1  "  vO  -J 

4.90186-02 

3.7523E  00 

6.4774E  01 

8.1476E  01 

107.73 

39.72 

47.44 

12.84 

130.73 

0. 

338.45 

31.829 

11.734 

14.017 

3.795 

38.625 

0. 

100.00  ) 

1.0000 

1200.0  : 

2.6875E  00 

1,9714EJ)0 

3.0042E  00 

5*  8114E  OC 

80.30 

35.18 

15.47 

49.35 

222.09 

0. 

402.39 

19.955 

8.742 

3.845 

12,265 

55.194 

0. 

100.00 ■ 

l.OfciK' 

1400. 0.- 

6.3697F  01 

1.2081E  00 

2.73G6E-01 

2*  11466  OG 

75.41 

25.95 

1.36 

72.69 

255.21 

0. 

43L.62 

17.511 

6.026 

0.315 

16.881 

59.266 

0. 

100.00 

1  •  lA  C  0 

1600,0  i 

8.2139E  02 

8r2439E-0l 

4.00696-02 

1.4120E  00 

79.57 

20.53 

0.11 

79.36 

253*55 

0. 

433.12 

18.372 

4-741 

0.024 

18.323 

58.540 

0. 

100.00 ' 

l.v-oOO 

ISC 0.0% 

6.7984E  03 

6.0833E-01 

8, 34456-03 

1.0542E  00 

83.19 

16.83  " 

0.01 

B3.16 

250,12 

0. 

433*31 

19.198 

3.883 

0.003 

19.192 

57.724 

0  ■ . 

100.00' 

i.-’.OQj 

2000.C- 

4.0UJ4E  04 

4.7516E-01 

2.26226-03 

8. 32036-01 

85*05 

14.15 

0.00 

85.85 

247.48 

0. 

433*33 

19.812 

3.266 

0.000 

19*811 

57.111 

0. 

100.00 

1.0000 

2200.00 

1.8036F  05 

3.8064E-O1 

7, 5373E-04 

6.8590E-01 

87.80 

12.20 

0.00 

87.80 

245.54 

0. 

433.33 

20.261 

2.816 

q.ooo 

20.261 

54.662 

0. 

100.00: 

2  .  u  i.1 0  0 

400.00 

7.9414E-12 

2.07116  02 

4,00076  09 

4. 64316  09 

165.96 

17.02 

82.98 

0.00 

_ 1-41 

0. 

267.37 

62.072 

6.365 

31.036 

0.000 

0.527 

0. 

100.00^ 

2.0000 

600.00 

2* 199QE-07 

3.1479E  01 

1.04386  06 

1.53776  06 

161.26 

19.35 

80.61 

0.04 

10.85  ” 

" '  6. 

272.12 

59.262 

7.111 

29.623 

0.015 

_  ^3.969 

.  0. _ 

100.00  j 

2. OyOO 

_  800,0- 

2,6585620^.. 

9.02236  00 

3.7690E  03 

5.5515E  03 

146.39 

26.39 

72.78 

0.83 

41.39 

0. 

287.78 

50.868 

9.171 

25. 290 

0.287 

14.362 

0. 

100.00" 

2.0G00 

iooo. o: 

4 .90 18E-02 

3.7523E  00 

6.47746  01 

8.78106  01 

119.95 

35.97 

55.92 

6.11 

icii.54 

0. 

321.50 

37.311 

11.187 

17.393 

2.524 

31.585 

o.. 

100.000 

2,o-:po 

1200*0 

2^6875  E  00 

1  •9714E00_ 

3.00426  00 

4.95206  00 

91.65 

35.70 

27.35 

36.94 

186.97 

0. 

378.63 

24,207 

9.429 

7.225 

9.757 

49.382 

0. 

100.000 

18.420 

6.237 

1.082 

16.257 

58.004 

0. 

100.00  • 

2«uuOO 

1600. CO 

8.2139E  02 

8.2439E-01 

4.0069E-02 

7.1300E-01 

79*  84 

20.58 

0.42 

79.00 

252.67 

0. 

432. 5£ 

.  .  - 

— 

18.459_ 

4.758 

.  0.096 

18.267 

58.420 

0, 

100.00= 

2. QoOO 

1800.00 

6.7984E  03 

6.0833EHH 

8. 3445E-03 

5.2768E-01 

83.22 

16.63 

0.05 

83.12 

250.02 _ 

_ 

433*24 

19,209 

3*885 

0.011 

19.186 

57.709 

0. 

100.00  - 

2.0000 

2000. 0:J 

4.00 146  04 

4.7516E-01 

2. 26226-03 

4. 1609£— 01^ 

85,86 

14*15  ” 

0.01 

85.84 

247.46 

0."‘ 

433.32 

19.814 

3.266 

0.002 

19.810 

57.109 

0. 

100*001- 

2.0000 

2200.00 

1.8036E  05 

3.8864E-01 

7. 5373E— 04 

3.4297E— 01 

67.80 

12.20 

0.00 

87.80 

245.53 

0* 

433.33 

20.262 

2.816 

0.000 

20.261 

56.661 

0. 

10G.Q0? 

4.0O00 

400.00 

7.9414E-12 

2.071 IE  02 

4.0007E  09 

4.6656E  09 

166.17 

16*92 

03.08 

0.00 

1.00 

0. 

267.17 

.  .  _ 

62.196 

6.331 

3|*p98 

0.000 

. .0.374 

0* 

100.000 

4. UOOO 

600. OP 

2.199CE-07 

3.1479E  01 

1.0438E  06 

1.5760E  06 

162*79 

18.59 

81.38 

0.03 

7.79 

0. 

_ 270^5,1 

60.164 

6.871 

30*077 

0.010 

2.8T7 

0. 

100.00? 

4.0600 

800,00 

2.65B5E-04 

9.0223E  00 

3.7690E  03 

5.9321E  03 

151. 67 

23.  90 

75.57 

0.53 

30.53 

0. 

282.20 

53.746 

8.469 

2.6*  779 

0.189 

1Q.B18 

0. 

100.000 

4.0000  1000.00 

4*901 6E-02 

3.7523E  00 

6.4774E  01 

9.5303E  01 

130.46 

32.22 

62.68 

5.10 

77.51 

_q. _ 

307.198 

42.361 

10.461 

20.352 

1.657 

25.169 

0. 

100.00' 

4.0000 

1200.0 J 

2.6875E  00 

1.9714E  00 

3.00420  03 

4. 7433E  00 

104.34 

35.03 

39.38 

25.59 

150.24 

0- 

354.58 

29,427 

9.881 

11.105 

7.216 

42.371 

0. 

100.00  % 
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TABLE  F~7B 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  ANO  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  C3H8  1100  MOL  C  ttASISI,  STEAM/C  RATIO,  2.\f 
ELEMENTAL  CGHPCSITION 

C I  ATOMS)  HUTOMSJ  DIATOMS)  N2IMQLS) 

1  'i'  *  00  666.67  20U.OC 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

Cgmpqs i r i CMS 

P(ATM> 

T (DEG  F) 

KR 

KS 

KC 

iTT 

H2Q 

CU2 

CH4 

CO 

h2 

N? 

TOTAL 

MOLS 

MOLS 

HOLS 

HOLS 

MOLS 

MOLS 

MOL  ;> 

MOL  PC 

MOL  PC 

MOL  PC  MOL  PC  1 

HQL  PC  MOL  PC 

MOL  PC 

..  4.CIHJ0 

.  1400.00 

6.3697E  01 

1.208 IE  QO 

2.7306E-01 

7.7132E-01, 

84.62 

27.50 

12.12 

60.38 

224.49 

U. 

4C9.1 

20.684 

6.722 

2.962 

14.760 

54.873 

0. 

100.00 

4»^i)00 

160 j, 00 

8.2139E  02 

8.2439E-01 

4.u06^E-U2 

3.69B9E-01 

80.82 

20.75 

1.57 

77.68 

249.33 

<J  • 

430. 2-. 

18.786 

4.824 

0.365 

18.056 

57*969 

0. 

100. CO 

4*Gi'00 

1800.00 

6. 79 84 E  03 

6.0833E-01 

8. 3445E-03 

2.6503E-01 

83.34 

16.85 

0.19 

82.96 

249.6- 

0. 

432.95 

19,250 

3.892 

C  *  045 

19.161 

57.652 

0, 

100.00  ■ 

4*0i'Q0 

2000,00 

4.0014E  Of 

4.7516E-01 

2.2622 E- 03 

2. 0820E-01 

85.88 

14.15 

0.03 

85.81 

247.39 

0. 

433.27 

19.821 

3.267 

0,007 

19.8^6 

57.099 

0. 

100.00/ 

4 • 0000 

2  2  00  ,  Oj 

1 .80  36 E  05 

3.8864E-01 

7.5J73E-04 

1. 7151E-01 

87.80 

12.20 

u.Ol 

87,79 

245.52 

0. 

433.32 

20.263 

2,816 

0.002 

20.260 

56.659 

0. 

100. OOl 

6*’. *000 

4u0.0C 

7  *94 14  £— 12 

.  2%07UE  0 

4.0QD7E  09 

4.6363E  09 

166.24 

16.87 

83.13 

.0.00 

P.82 

r0*  .... 

267*28 _ 

62.252 

6.317 

31,126 

0.000 

0,3  6 

0. 

100.00" 

6*0  *00 

600.00 

2 • 199CE-07 

3.1479E  01 

1. 0438b  06 

1  .'594 IE  06 

163.48 

18.25 

81.73 

0.C2 

6.40 

0, 

269.88 

60.575 

6.  762 

30.283 

0  *  0*j  8 

2.371 

0. 

100.00 

6 . L vOO 

6y0.0^ 

2.6585E-04 

9.0223E  OC 

3.769UE  03 

6.1316E  03 

154.16 

22.71 

76.67 

0.42 

25.44 

0. 

279t60 

55.135 

8.124 

27.493 

0.149 

9.099 

0. 

100.00  , 

O.L'OOO 

1000. OC. 

4.9018E-02 

3.7523E  00 

6.4774E  01 

9.9905E  01 

135,74 

30.18 

65,92 

3.90 

65.75 

0. 

301.49 

45.023 

10.011 

2U865 

1.292 

21.808 

0. 

100,00  ■ 

6  •  u'JOO 

1200.0 ‘ 

2.6675E  00 

1.9714E  00 

3.0042E  00 

4.7737E  00 

111.64 

34.09 

45,73 

20.17 

UZsZZ 

.  CU- 

.  3  4i  t.e  i _ 

32.657 

9.973 

13.378 

5.901 

38.092 

0. 

100.00  ■ 

6 .  C  v  0  u 

i4?u.o: 

6 .3697 E  01 

1.208 IE  OJ 

2.7306E-01 

6.5716E-0! 

90.32 

28.21 

18.54 

53.25 

205.94 

J. 

396,26 

22.793 

7.  12C 

4.677 

13.438 

51.971 

0. 

100.00 

6 • 0000 

1600  . CO 

8.2139E  02 

B.2439E-01 

4*  0069E-02 

T 2. 6029E-01 

82.24 

.2.1,00 

3.24 

75.76 

244.61 

0. 

426.85 

19.268 

4.920 

0.760 

17.748 

57,395 

0, 

100.00 

6*  OOQQ 

1800.0C- 

6. 7 9 84 E  03 

6.O633E-01 

8.3445E-03 

1. 7799E-01 

83.55 

16.88 

C  •  43 

82.69 

248.92 

0. 

432.47 

19.319 

3.904 

0.100 

19.119 

57.558 

0. 

100.00 

6.C000 

2000.00 

4 . 0 1 4  E  04 

4. 75 16E-Q1_ 

2. 2622E-Q3 

1 . 3897E-0I 

85.91 

14.16 

0.0  7 

85.77 

247.28 

0. 

433.19 

19.833 

3.269 

0.017 

19.799 

57.^83 

5* 

100.00 

6.0  00 

2200. C 

1 . 6 j 3 6 E  05 

3 « 8  864£~0 1 

7*  5373E-04 

1* 1437E-01 

87.81 

12.20 

0.02 

87.78 

245.49 

0. 

433.30 

20.266 

2,816 

0.004 

20.259 

56.656 

0. 

100.00 

12.0000 

400. CL 

7.94142-12 

2 .071  IE  02 

4.0007E  09 

4.  6303 E  09_ 

166.38 

16.81 

83.19 

_ 0.00 

0.56 

0. 

266.96 

62.324 

6.297 

31.162 

0.000 

0.216 

0. 

100*00 ■ 

12.0000 

600 .Du 

2.199L6-07 

3.1479E  01 

1 .0438b  06 

1.61876  06 

164.39 

17.80 

82.19 

0.02 

4.56 

0. 

268.96 

61.122 

6.616 

30.558 

0  •  Oj  6 

1.697 

0, 

100,00 

12.UO00 

800.0. 

2.6585E-04 

9.0223E  00 

3.769CE  C 3 

fc.  4303E  ,03 

157.55 

21.09 

..78.6 4  ... 

0,27 

18*51 

0. 

276.06 

57.070 

7-639 

26,485 

6.099 

6.7‘  6 

0. 

100.00 . 

12.1  JO 

Ivv'J  *  C 

4,9  ->18E-02 

3.7323E  00 

6.4774E  01 

1.C772E  02 

143.33 

27.10 

7C.43 

2.48 

49.15 

0. 

292.48 

49.006 

9.264 

24.080 

0.847 

16.804 

0. 

100.00- 

12.0009 

1200. 0-. 

2.6875E  00 

1.9714E  Oj 

3.0042E  QD 

4.96766  00 

123.15 

31.85 

55.00 

13.14 

100. 18 

0. 

323.33 

38.086 

'9.852 

"*17.011 

4*065 

30,984 

6. 

lOO.OO'i 

12.0^00 

1400 .V / 

6.3697E  01 

1.2J81E  03 

2.7306E-01„ 

.  5. 6500E-01 

.  10.2iQ.L_ 

.  JLUO 7 

39.  88 

169-19 

0, 

371. 20 _  . 

27.482 

7.826 

3.369 

10.744 

45.579 

0. 

100.00 ' 

12 . uuOO 

1600.0* 

8.2139E  02 

8.2439E-01 

4.0069E-02 

1.5966E-01 

87.53 

21.85 

9. 38 

68.77 

227.05 

0* 

414.58 

21.112 

5.271 

2.263 

16.587 

54.767 

0. 

100.00 

12.L:‘jOO 

1800,0*. 

6* 7964 E  03., 

_6.U833E-0i 

8.3445E-J3 

_9-i368E-P£ 

_  84.58 

17.05 

_ 1  •  6.1 _ 

81.33 

245-49 

.  .0  ., 

.  41/.- 8 

19.667 

3.963 

0.379 

18.910 

57.081 

fi. 

IOC. 00 

12.0  OC 

2O00.O'- 

4.0014E  04 

4.7516F-01 

2.2622E-03 

6.  9936E-0? 

86.10 

14.19 

0.29 

85.53 

246.66 

0. 

432.76 

19.896 

3.278 

0.066 

19.763 

56.997 

100.00 

1 2*vOO } 

2200. u: 

1.8036E  05 

8364 E -01 

7.5373E-04 

j. 7265E-02 

87.85 

12-21 

0.06 

87.73 

245.36 

0. 

433.21 

20.2B0 

2.818 

6.014 

2 0.251 

56.637 

0. 

100.00 

CALIFORNIA  RESEARCH 
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TABLE  F-8A 


PRODUCT  COMPOSITIONS  PROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA  - 

STEAM" REFORM $R~ F 6ED““™C3HB "  fldO~HUL  C  BA  SIS  j ,  S TEAM/ C  RATIO,  3.0 


ELEMENTAL  COMPOSITION 

C 1  ATOMS )  HI  ATOMS }  OtATUHS)  N21M0LS) 

lGl.Ck  866.67  300. OC  0. 


'  CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P  ( ATM) 

T { DEG  F ) 

KR 

KS 

KC 

R? 

H2Q 

CQ2 

CH4 

CO 

H2 

N2 

TOTAL 

HOLS 

HOLS 

HOLS 

MDLS 

MQLS 

HOLS 

MOLS 

HOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

HOL  PC 

1a GO 00 

400. u  1 

7.9414E-12  2.0711 E  02 

__4.QQ07Jg_  09 

7.3333E09 

.  265^20 

_ LXiitQ. 

.  a 2^6^. 

.  ...0,00 

_ _ 2.  ,.9  4 

_ 366*14 

72.038 

4.726 

22.437 

0.000 

0,798 

n. 

100.00  • 

1.0000 

too. oe 

2*199C£-07 

3.1479E  01 

1.0438E  06 

2.3230E 

06 

255.78 

22.08 

77.86 

0.06 

21.84 

0. 

377.62 

67.734 

5.848 

20*618 

0.016 

5.785 

0. 

100.00  * 

1  *  OvOO 

aoo.o^ 

2 . 6585E“04 

9.0223E  00 

3.7690E  03 

8.0279E 

03 

228.28 

35.19 

-62*47 

1.33 

78.11 

0. 

406,39 

56. 172 

8*660 

15.618 

0,328 

19.221 

0. 

100.00 

1.0000 

1000.0  .■ 

4.9018E-02 

3.7523E  00 

6.4T74E  01 

*1.  4165E 

02 

185.26 

50.94 

36-19 

12.87 

175.70 

0. 

460.95 

40. 189 

11.050 

7.851 

2.793 

38.116 

0. 

100.00-: 

1 .0000 

120G.0C 

2.6875C  00 

1.9714E  00 

3.0042E  00 

1.42316 

156.58  , 

50.29 

6.86 

42.85 

£63-03  . 

_JSU 

..  519,41 

30. 134 

9.678 

1.321 

8.247 

50*621 

0. 

100.  OOii 

1.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2.73066-01 

6.4171E 

00 

159.26 

41.15 

0.41 

58.44 

273*24 

0. 

532.51 

29.908 

7.728 

0.078 

10.974 

51*312 

0. 

LQO.OOv 

1.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4. 00696-02 

4.1379E 

pi'- 

166. 15 

33*88 

0.03 

66.08 

267.12 

0. 

533.27 

31.156 

6.354 

0*006 

12  392 

50.091 

0. 

lOO.QOJ 

1.0000 

1800.00 

6.7984E  03 

6.0833E-01 

8,3445E-03 

2.9724E 

00 

171.51 

26.49 

0.00 

71.50 

261.82 

0. 

533.33 

32.159 

5.343 

0*001 

13.407 

49.091 

0  . 

100.00,‘ 

i.cooo 

2000-0  > 

4*00146  04 

4.7516E-01 

2.2622E-03 

2.28436  00 

175.55 

24.45 

0-00 

75.55 

257,78 

0. 

533.33 

32.916 

4.584 

0.000 

14*166 

48.334 

◦  . 

100. CO  ^ 

1.0000 

2200.00 

1  •  8036 E  OS 

3*^8646-01 

7,53736-04 

1.8490E 

00 

178.59 

21.41 

0.00 

78.59 

254.75 

0. 

533.33 

33*485 

4.015 

0-000 

14.735 

47.765 

0. 

100*00- 

2.0000 

400.00 

T.9414E-12 

2 .071 IE  02 

4,00076  09 

7.4262E 

09 

265.63 

17.19 

82.81 

0.00 

2*09 

0. 

367.71 

72,238 

4.674 

22*521 

0.000 

0.567 

0, 

100. ooc 

2.0000 

600.00 

2.1990E-07 

3.14T9E  01 

1.0438E  06 

2.4104E 

06 

258.78 

20.59 

79.37 

0  .04 

15,82 

0. 

374.60 

69.081 

5.497 

. 21.187 

0*011 

4.224 

o. 

100.000  _ 

_ 2.0000 

800.  Ot- 

2*65856-04 

9.02236  00 

3.769CE  03 

8. 61  BSE 

03 

237.74 

30.71 

68,45 

0.84 

58.70 

0. 

396*44 

59.969 

7.747 

17,266 

0*212 

14.807 

0. 

loo. do; 

2.0000 

1000.00 

4*90186-02 

3.7523E  00 

6.4774E  01 

l.“V42CE 

02 

201.36 

45,17 

46.53 

8.30 

138.91 

0. 

440,27 

45.736 

10.259 

10.569 

1*886 

. 31*551 

0, 

100.000 

2.0000 

l20o.qo_ 

2  .6B75E  00^ 

1,97146  00 

_ 3.0042E  00 

1.0Q65E 

01 

166.92 

49.06 

15*98 

34.96 

234.46 

0. 

501.37 

~ 33.292 

9.786 

3*  167 

6.972 

46,763 

0. 

100.000 

_ 2*0000 

_ 1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

3.32466 

00 

lfrQt42 

41>1S 

1,57  ... 

_  5  7 ,28 _ _ 

Q. 

530. 20 _  . 

30.256 

7,761 

0.295 

10.804 

50.884 

0. 

100.00 

2.0^00 

1600.00 

8.2L39E  02 

B  .24396-0 1 

4.0069E-02 

2.0747E 

OC 

166.24 

33*89 

0.13 

65.98 

266*84 

0. 

533.08 

31.185 

6.357 

>0.024 

12.378 

50*056 

0,. 

100.00  * 

2.  .0000 

1800. GO 

6.7984E  03 

6.0833E-01 

8. 3 445E-03 

1.4867E 

0? 

171,52 

28,49 

0,02-  _ 

71.49 

261,7.8- 

_ _ 

533.30 

32.162 

5.343 

0,003 

13.405 

49.087 

0. 

100.00^ 

2.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

1.1422E 

oc 

175.55 

24.45 

0.00 

75.55 

257.78 

0. 

533.33 

32.917 

4,584 

0.000 

.  14*166 

48-333 

0±_ 

100.00, 

2.0  GOO 

. 2200.00 

1.8G36E  05 

3.8864E-01 

7.5373E-Q4 

9.2451E* 

■01 

178.59 

21.41 

0.00 

78.59 _ 

254,75 

_ 

^33.33 

33.485 

4.015 

0.000 

14.735 

47.765 

0. 

100.00-i 

4.0000 

400.00 

7.9414E-12 

2. 07 HE  02 

4.G007E  09 

7.46 73E 

09 

265.93 

17.04 

82.96 

O'.  00 

1.48 

0* 

367.41 

72.380 

4.637 

22,581 

0.000 

0.4  1 2 

0, 

100.  GO- 

4  #  C  v  00 

600.00 

2.I99CE-07 

3.14796  01 

1.0438E  Ob 

2.4B11E 

06 

260.98 

19.50 

80.48 

0.03 

11.40 

G. 

372. 38 

70,085 

5.235 

21.612 

0.007 

3.060 

0. 

100.00 

4.C000 

800 .00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

9*19286 

03 

245.12 

27.17 

72*29 

0.54 

43.63 

0. 

388.75 

63.054 

6.989 

18.596 

0.138 

11.222 

0* 

100.00' 

_ 4.0 COO _ 

_ iOOOJDC _ 

4.9018E-02 

_  3.5.7 52  3£  Op_ 

6.47746  01 

1.5146E 

_0X 

215*58 

39.58 

55.16 

_5..26_ 

.107,43 

Qjl 

...  423^01 _ 

50.963 

9.357 

13.040 

1.243 

25.397 

0. 

100.00' 

4-OuOQ 

1200.00 

2.6B75E  00 

1.9714E  OG 

3.00426  00 

6.4990E 

00 

181.30 

46.56 

27.86 

25.58 

196,32 

0. 

477.62 

37.956 

9.749 

5*833 

5.355 

41,104 

0. 

100.00.' 
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TABLE  F-8B 


PRUDUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

TIE AM  REFORMER  FEED  -’C3H8  I lOOHGL *  C  BASEST,  STEAN/C  RATIO,  3.0 
ELEMENTAL  COMPOSITION 

C (ATOMS  J  HI  ATOMS)  O(ATOMS)  N2(M0LS) 

100*00  866.67  300.00  0. 


CONDITIONS  " 

AND 

equilibrium' 

CONSTANTS  " 

EQUILIBRIUM 

PRODUC  T 

COMPOSITIONS 

- - 

P  tATHJ 

T  t  DEG  F) 

KR 

KS 

KC 

Rt 

H20 

CQ2 

CH4 

CO 

H2 

N2 

total 

MOLS 

MOLS 

MOLS 

HOLS 

MOLS 

HOLS 

HOLS 

MOL  PC 

MOL  PC  1 

MOL  PC 

MDL  PC 

MDL  PC  MOL  PC 

MOL  PC 

4.0-  00 

1400. or 

6.3697E 

01 

1.208  IE  00 

2.7306E-01 

1.8656E 

164.10 

41.11 

5.21 

53.68 

258.82 

0. 

522.92 

31.381 

7.B63 

0.996 

10.265 

49.496 

0. 

100.00  - 

4 .0000 

1600.00 

8.2139E 

02 

8.2439E-01 

4. 0069E-02 

1.U488E  <K 

166.60 

33.90 

0.51 

65.59 

265.71 

0. 

532.32 

31.298 

6.  369 

0.095 

12.321 

49.916 

0. 

100.00 

4*0000 

1800,00 

6.7984E 

03 

6.0833E-U1 

8.3445E-03 

7.4429E-01 

171.56 

28.50 

0.06 

71.44 

261.65 

0. 

533.21 

32.176 

5.344 

0.012 

13.398 

49.070 

0. 

100.00 

4.0000 

2000.00 

4.0014E 

04 

4.7516E-01 

2.2622E-03 

5.  71 22E-01 

175.56 

24.45 

0.01 

75.54 

257.75 

0. 

533.31 

32.919 

4.584 

0.C02 

14.165 

48.33C 

0 . 

100.00 

4*0.00 

2200.00 

1.8036E 

05 

3.8864E-01 

7.5373E-04 

4.622  05-01 

178.59 

21.41 

O.Oo 

70.59 

254.74 

0. 

533.33 

33.486 

4*015 

G.OOJ 

14.735 

47,764 

0. 

100.00 

fa. 0000 

400.00 

7.9414E 

r  L2_ 

2 .07 i_lt  02 

4.  00Q7E  09 

.7.4319C^Q9 

266, Q6 

16.97 

.  83, OJ.- 

O.QO 

.  .1.21.. 

0, 

367.27 

72-443 

4.620 

22.6C8 

0.000 

0.  129 

0. 

100.00. 

6.0000 

6Gu.OO 

2.199CE 

-07 

3.1479E  01 

1.0438E  06 

2.5151E  06 

261.99 

19.00 

80.98 

C.02 

9.39 

0. 

371.37 

70.545 

5.115 

21.806 

0.006 

2.527 

0. 

LOG. 00. 

6.0000 

800  *0'j 

2.6585E 

-04 

9.0223E  00 

3.769CE  03 

9.5U95E  03 

246.62 

25.48 

74.  10 

0.41 

36.51 

0. 

385.13 

64.555 

6.617 

19.241 

0.108 

9.479 

0. 

100.00 

6.0000 

1000.00 

4.9018E 

-02 

3.7523E  00 

6.4774E  01 

1. 569  IE  02 

222.81 

36.59 

59. 4j 

4.01 

91,72 

J. 

414. 53 

53.751 

8.026 

14.330 

0.968 

22.126 

0. 

100.00’ 

6.0000 

1200, OG 

2.6875E 

00 

1.9714E  00 

3.0042E  00 

0.15L2E  _Qi 

190.38 

44.54 

34.92 

20.55 

173.13 

0, 

_  Jr 63.5 Q 

41.074 

9.609 

7.5  33 

4.433 

37. 352 

0. 

100.00  - 

6.0000 

1400 . 00 

6 • 3697  E 

01 

1.208  LE  QO 

2.7306E-O1 

1.4283E  Ob 

168.38 

41.00 

9.38 

49.62 

246.18 

0* 

514.57 

32.723 

7.968 

1.824 

9.642 

47.643 

0. 

100.00.  - 

6.0000 

1600.00 

8.2139E 

02 

8.2439E-01 

4.0069E-Q2 

7.1L54E-01 

167.18 

33.93 

1,11 

64.96 

263.93 

0. 

531.11 

31.478 

6.308 

0.209 

12.232 

49.694 

0. 

100.00 

6.0000 

1800. o: 

6.7984E 

03 

6.0833E-01 

0. 3445E-03 

4.9725E-01 

L71.64 

28.50 

0.14 

71.36 

261.42 

0. 

533.^6 

32.199 

5.347 

0.026 

13.387 

49.042 

C-. 

100.00 J 

fa. 00 00 

2000 .00 _ 

4.001AE 

04 

4.7516E-01 

2.2622E-03 

3,  809  5E-01 

175.57 

24.45 

0.02 

75.53 

2  5  7  *_?  1 _ 

__0. 

533.29 

32.923 

4.585 

0.004 

14.163 

48 . 325 

0, 

100. oo„ 

6  »  0  CO  0 

22C  1 .00 

1 . 8036E 

05 

3. 08648-01 

7. 5373E-04 

3.0321E-01 

178.59 

21.41 

0.01 

76.58 

254.73 

0. 

533.32 

33.487 

4.015 

0.001 

14.735 

47.763 

0. 

lOO  -  00- 

12. 00 00 

400.  O'J 

7.9414  Ej 

- 12 

2.071  IE  _0_2_ 

4.000 7 £09 

..  -L*6742§._0? _ 

266.24 

16.88 

63.12 

0.00 

C.86 

-  _J?  • _ 

367.10 

72,526 

4.598 

22.642 

0.00  0 

0.233 

0 . 

100.00 

12.0000 

600.00 

2.1990E-Q7 

3.1479E  01 

1.0436E  06 

2.5634E  06 

263.32 

18.33 

81.65 

0.01 

6.71 

0. 

3?0*03 

71.161 

4.955 

22.066 

0.004 

1.815 

0. 

100.00 

12 .0^ 00 

090* Of 

2.6585E-04 

9.022  3 E  00 

3.769CE  03 

1.0004E  04 

253.43 

23.15 

76.58 

0.27 

26.74 

0. 

380. 17 

66.662 

6.089 

20.143 

0.071 

~7.035 

c. 

100.00  ■ 

12.0000 

1000. GC 

4.9018E-02 

3.7523E  00 

6.4774E  01 

1.6726E  02 

233*32 

32.07 

65.39 

2.54 

69.23 

0. 

402 . 55 

57,960 

7.967 

16.244 

0.630 

17.198 

0. 

100.00- 

12.0C00 

1200.00 

2.6875E 

00 

1.9714E  OO 

3.0042E  00 

8.0 452 E  Ol- _ 

205.42 

40.49 

45.91 

13.61 

136.11 

0. 

441.52 

46. 525 

9.170 

10 ■ 397 

3.08  2 

30,826 

0. 

ioo.ooo 

..  12*0000 

1400,00 

6,  3697^. 

01 _ 

AtUJ*-. 

_2£*-00 

_39*6a_„ 

213.64 . _ 

493  «-33 _ 

36.423 

8.173 

4.055 

8.043 

43,307 

0. 

100,00^- 

12.0000 

1600.00 

8.2139E 

02 

8.2439E-01 

4.0069E-02 

3.8620E-01 

169.37 

34.01 

3.88 

62.11 

255.71 

0. 

525.58 

32.320 

6.472 

0.738 

11.817 

48.653 

0. 

100.00- 

_  J.2iCOQ0_ 

1800,00 _ 

6.7904E 

03 

6.0833E-01 

8.34458-03 

2.  5145F-0 1 

172.02 

2$- 5*.  . 

D.54 

7Q.93 

£60,23-  . 

532.25 

32.319 

5.359 

C.  102 

13.327 

48.892 

9. 

IOC. 00  ■ 

12.0-03 

2000. or 

4.0014E 

04 

4.7516E-01 

2. 2622E-03 

1. 908BE-01 

175.64 

24.45 

0.09 

75.45 

257.51 

0. 

533.15 

32.944 

4,587 

0.017 

14.152 

48.300 

n. 

10c. 00 

12.0000 

2200  .O*1 

1.8Q36E 

05 

3.8664E-01 

_7.5373E-Q4 

U54L7E_-pi„ 

17_8,.6L_.. 

3LU4J- 

0.02 

78.57 

25^,69_ 

0^--. 

_  _ 

33.491 

4.015 

0.004 

14.732 

47.757 

0. 

100.00 j 
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TABLE  F-9A 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  *  C3MQ  (100  HOL  C  8ASIS1,  STEAM/C  RATIO,  4.0 


ELEMENTAL  COMPOSITION 

CIATCMS)  H(ATOMS)  OIATOMSI  N2IM0LS) 

100. Ol'  1066.67  40O.QC  0. 


CCNDI T IONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P l A  FH) 

T(OEG  F) 

KR 

KS 

KC 

RT 

H20 

C  02 

CH4 

CO 

H2 

N2 

TOTAL 

MOLS 

MOLS 

HOLS 

HOLS 

MOLS 

MCLS 

MOLS 

MOL  PC 

MOL  PC 

MOL  PC  1 

MOL  PC  MOL  PC  MOL  PC 

HOL  PC 

l.COCO 

400.00 

7.9414E-12 

„?.l-711E  02. 

4.0007E  09 

..A.0JO9E 

.1  ■ 

364.73 

17,63 

-_-J2.00 

.--,3.87  _ 

J)* 

468.60 

77.834 

3.763 

17.577 

0.000 

0.826 

0. 

100.00  ■* 

l.CGGO 

600.00 

2.199uE-07 

J.1479E  01 

1.0438E  06 

3.1238E 

06 

352.55 

23.69 

76.25 

0.06 

28.29 

0.' 

480.84 

73.320 

4.927 

15.857 

0.013 

5.883 

0. 

100.00 

_ 1 .GCOQ 

8GO.0u 

2.6585E-Q4 

9.0223E  00 

3.769GE  03 

1.0909E 

04 

318.13 

40.24 

58.37 

1.38 

3.8-4^ 

0. 

516.59 

61.583 

7.791 

11.300 

0.267 

19.059 

0. 

100. OOj 

1  .cUOO 

100  J.  O'- 

4.90 1 8E-02 

3.7S23E  00 

6.VT74E  01 

• 2.1673E 

02 

267.26 

60.04 

27.30 

12.66 

211.49 

0. 

578.74 

46.179 

10,374 

4.717 

2.188 

36.542 

0. 

100.00 

l.OuOO 

1200.00 

2.6875E  00 

1.9714E  00 

3. 00426  00 

2.9221E 

01 

242.55 

60.68 

3*24 

_?6 , 08 

284.31 

0. 

626.86 

38.693 

9.630 

C.516 

5.756 

45.354 

0. 

100.00  ■ 

l  .0 jOO 

1400 . 0  ? 

6.3697E  01 

1.2081E  QO 

2. 7306E-01 

1.3809E 

01 

248.85 

51.32 

0.18 

48.50 

284.13 

0. 

632.98 

39.314 

8.108 

0.028 

7.662 

44.888 

o. 

100.00^ 

1.0000 

1600.0 j 

8.21396.  0? 

8.2439E-01 

4. 0069E-02 

0.5514E 

oc 

256.68 

43.33 

0.01 

56.65 

276.63 

0. 

633.31 

40.530 

6.843 

0.002 

8.945 

43.680 

0. 

100.00- 

o 

o 

6 

1800. U% 

6.7984E  03 

6.L'833E-0 1 

8.  3445E**03 

5.9574E 

00 

262.85 

37.15 

0.00 

62.85 

270.48 

0. 

633.33 

41.503 

5,866 

0.000 

9.923 

42.708 

0. 

100.00 J 

1.0000 

2000.0C- 

4.0Q14E  04 

4.7S16E-01 

2.2622E-03 

4.4819E 

o; 

267.63 

32.37 

0.00 

67,63 

265.71 

0. 

633.31 

42.258 

5.111 

0.000 

10.679 

41.953 

0* 

100.00 

1.0000 

2200  .O'1 

1.8036E  05 

3.8864E-01 

7.5373E-04 

3.5741E 

00 

271.31 

28.69 

0.00 

71.31 

262.03 

0. 

633.33 

42.838 

4.531 

0.000 

11.259 

41.373 

0. 

100*00  ' 

2 .  u  l*00 

400.00 

7 .94 14  E- 12 

2.0711E  02 

4.  QOOJE  _09 

1.0128E 

10 

365.29 

17.35 

82.65 

0.00 

2.75 

0. 

468.04 

78.047 

3.708 

17.658 

0.000 

0.588 

0. 

100.00; 

2.0000 

6G0.0G 

2.1990E-07 

3.1479E  01 

1.0438E  06 

3.2528E 

06 

356.40 

21.78 

78.18 

0.04 

20.58 

0. 

476.98 

74.719 

4.567 

16.390 

O.OCB 

4.315 

0. 

100.00  ) 

2. GOOD 

8GC-*0<;_ 

2j^6  5  85  E-04_ 

9.0223E  00 

3.7690E  03 

_ 1. 1598E 

04 

329.83 

34.65 

64.48 

0.87 

74.55 

0. 

504.37 

-  65.394 

6.870 

12.784 

0.172 

14.780 

0. 

100.00- 

2 . OoOO 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.0737E 

02 

285.62 

52.97 

38.60 

8.43 

170.51 

0. 

556.14 

51.358 

9.525 

6.940 

1.515 

30.660 

0. 

IGO.OC^ 

2.0o0u 

1200. on 

2.6S75E  00 

1,_9  714E  00 

3.0042E  _0U 

_0t__ 

250.18 

59.06 

9.25 

31.69 

264.66 

0. 

614.84 

40.691 

9.606” 

r.'504 

“ 5.1 5  5 

^  43*045 

0* 

100.000 

2.0000 

.  I4g0.fGC._ 

6.3697E  01 

1.2081E  00 

__2*.2306_^L- 

OX 

-249*43.  _ 

_ 5. 1 , 2,6  _ 

0.68 

48.06 

282*5^ 

_ot _ 

39.468 

8.111 

0.108 

7.605 

44.708 

0. 

100,00- 

2. 00 00 

1600.00 

8.2139E  02 

8.2439E-01 

4.Q069E-02 

4.2809E 

Or 

256.72 

43.33 

0.06 

56.61 

276.50 

0. 

633.22 

40.543 

6.843 

.  0.009 

8.940 

43.665 

0. 

100.00 

2.0000 

_ i  a ou.Q“ 

6.7984E  03 

6.O833E-01 

8.3445E-03 

2. 979  IE 

0  r< 

262.85 

37.15 

_L„0.01 

61*84 

270*47 

0. 

63?.32 

41.504 

5.866 

0.001 

9.922 

42.706 

0. 

100.00 

2.0000 

2000,00 

4.0014E  04 

4. 7516E-01 

2.2622E-03 

2. 241 OE 

00 

267.63 

32.37 

0.00 

67.63 

2  6  5  •  7  G 

0. 

633.33 

42.258 

5.111 

0.000 

10.678 

41.953 

0. 

100. OC 

2 • GOOu 

2200.0; 

1.8036E  05 

3.8864E-01 

7.5373E-04 

_  1-  78  7  IE 

O-'i- 

271.31 

2  8.69 

Q.Ou 

71.31 

2*2,03 

0. 

633*33  _  _ 

42.838 

4.531 

0.000 

11.259 

41.373 

0. 

100.00 

4.GL00 

400.01 

7.9414E-12 

2.071 IE  02 

4. 0007 E  09 

1.0242E 

1  c 

365.69 

17.15 

82.85 

0.09 

1.95 

0. 

467.64 

78.199 

3.668 

17.716 

0.000 

0.417 

0. 

10r..oo 

4.Gi,00 

600.00 

2. 1990E-07 

3.1479E  01 

1.043BE  06 

3.3596E 

06 

359.24  _ 

20.37 

79.61 

-  .5*03 

14.88 

.0. _ 

474.12 

75.769 

4.296 

16.790 

0.006 

3.  139 

0. 

100. CO 

4.0000 

800.00 

2.6585E-04 

9.Q223E 

3.7690E  03 

1.2323E 

04 

339.06 

30.20 

69.25 

0.55 

55.78 

494.83 

68.519 

6.103 

13.995 

0.111 

11.272 

o! 

IOC. 00 

4.0000 

1000.00 

4.9018E-02  3.7523E  00 

.  6.4774E  01 

2. iOlOE 

02 

302,54 

46.02 

48.56 

5.42 

133.67 

0. 

536.21 

56.422 

8,582 

9,056 

1.011 

24.928 

0. 

100.00 

4.0.00 

12C0.0u 

2.6875E  OO 

1.9714E  00 

3.0042E  OD 

1.3515E 

01 

263.67 

55.78 

19.45 

24.77 

230.77 

•9* 

594*44 

44.356 

9.384 

3.272 

4.166 

38.822 

0. 

100.00 
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TABLE  F-9B 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  C3HB  tlGO  MOL  C  BASIS)*  STEAM/C  RATIO.  4.0 


ELEMENTAL  CQMPCSITIOn 

C ( ATOMS )  HI  ATOMS )  0( ATOMS)  N2IHQLS) 

ICO. 00  1066.67  40C.OC  0. 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

compositions 

. . — 

PtATM) 

TIOEG  F) 

KR 

KS 

KC 

RT 

H20 

CQ2 

CH4 

ca 

h2 

N2 

TUTAL 

MQLS 

HOLS 

MQLS 

MQLS 

HOLS 

MGLS 

HOLS 

MOL  PC  KOI  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

4.0000 

1400.00 

6.3697E  01 

1.2U81E  00 

2.7306E-01 

J. 70816  00 

251.48 

51.02 

2.50 

46.49 

276,86 

0, 

628.34 

40.023 

8.119 

0.397 

7.399 

44,062 

0. 

100.00 

4.0000 

I6u0 .00 

8.2139E  02 

8.2439E-Q1 

4.0069E-02 

2.1506E  00 

256.90 

43.32 

C  .  22 

56.45 

275,98 

0. 

632.69 

40.592 

6.845 

0.035 

8.920 

43,607 

0. 

100.00-J 

4.0000 

1800.00 

6.79B4E  03 

6.0833E-01 

8.3445E-03 

1.4904E  00 

262.88 

37.15 

0.03 

62.82 

270,40 

0* 

633.28 

41.510 

5.867 

0/004 

9.920 

42,699 

0. 

100. OG^ 

4*0.00 

2000, DC 

4.0014E  04 

4.7516E-01 

2.2622E-C3 

1.1206E  00 

267.64 

32.37 

C.OG 

67.63 

265,69 

0. 

633.33 

42.259 

5.111 

0.001 

10,678 

41,951 

0. 

100.000 

4.0000 

2200,00 

1.8U36E  05 

3.8864E-01 

7.5373E-04 

6«  93  55E-01 

271.31 

2  6.69 

0.00 

71.31 

262.03 

0. 

633.33 

42.838 

4.531 

0.000 

11.259 

41.373 

0. 

100.000 

6.0000 

400.00 

.  T.9  4HJ-12 

...2jP.71  1^.02. 

.  4r00Q7.e.Ji9 

l»034u&  in 

365* 8 7„ 

17.07 

-82*93 

o,oo_.. 

1*60 

0.  . 

46.7*47 _ 

78.267 

3.651 

17.741 

0,000 

0.342 

0. 

100.00 

6*0000 

600,00 

2.199CE-07 

3.1479E  01 

1.0438E  06 

3.4126E  06 

360.54 

19.72 

80.26 

0.02 

12.28 

0. 

472.82 

76.253 

4.171 

16.974 

0.003 

2.597 

0. 

100.00  - 

6*0000 

aoo.oo 

. . 

.71,52.. 

...J&t*  2-- 

_ 

—  ASfij*: _ 

70.050 

5.723 

14.586 

0.087 

9.554 

0. 

100.00 

6.00QO 

1000.00 

4.9Q1SE-02 

3.7523E  03 

6.4774E  01 

2.1478E  0? 

311*33 

42.26 

53.59 

4.15 

114.83 

0. 

526.16 

59,171 

8.031 

10.165 

0.789 

21.824 

0. 

100.  oo;, 

>..0000 

_  1200.00 

2.6875E  00 

1.9714E  00 

1.0042E  00 

.U2311E  >1 

J  73  9.29 

53.14 

26.43 

.2  P.,.43 

207, A&.. 

.... p*..  - 

47.081 

9.154 

4.553 

3.520 

35.691 

0. 

100.00^ 

6.0000 

L4C0.00 

6,3697  E  01 

1 .20816  00 

2.7306E-01 

2.6720E  00 

254,29 

50.66 

4.95 

44.39 

269.15 

0. 

623*44 

40.786 

8.127 

0.794 

7.120 

43.172 

0. 

100.00' 

6.0000 

1600,00 

8.2139E  02 

_8*2439E-0X 

4.0069E-02 

1.4452E  00 

257.19 

43.31 

JWbl*— 

.-Sit _ 

_ 

40.674 

6.848 

0.079 

8.867 

43.512 

0. 

100. OOJ 

6.U000 

1800.00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

9.94566-01 

262.91 

37.15 

0.06 

62.79 

270.30 

0, 

633.21 

41.520 

5.867 

0.010 

9.916 

42.687 

0, 

100. 00° 

.  >*000.0 . 

2000*0 

4.0014E  04 

4.751 6E-0 l  2.2622E-Q3 

h&tUEdlL 

.  jeliUU 

12*37 

_ ii*_Ql- 

-  67*62- 

£49 1  *2... 

...JU— - 

633.31 _ 

42.261 

5,111 

0.QG2 

10.677 

41,949 

0, 

100.00' 

6.0000 

2200.00 

1.8036E  05 

3.88640-01 

7.5373E-04 

5.9572E-01 

271.31 

28.69 

0,00 

71.30 

262.02 

0. 

633.33 

42.838 

4.531 

0.000 

11.259 

41.372 

0* 

100.00" 

12.0000. 

_  400.00 

7.9414F-12 

2.071 IE  02 

4.0007E  09 

1*  Q1G2E  10 

366.10 

16.95 

83.05 

O.or, 

-  _1*13„ 

_ p-*-  _ 

467.01 _ 

78,355 

3.628 

17.775 

0 .000 

0.242 

0, 

100,000 

12.0000 

600.00 

2.199GE-07 

3. J.479E  01 

1.0438E  06 

3.4880E  06 

362.2? 

18.86 

81.13 

0.01 

8.61 

u. 

471 .08 

76.902 

4.0u3 

17.222 

0.003 

1,870 

0* 

100.00? 

1 2. >000 

„  800.00 

Z.6585E-04 

9.0223E  00 

3.769GE  03 

1.3426E  04 

349.55 

25.09 

74.64 

0.27 

34.51 

0* 

404.06 

72*212 

5.183 

15.419 

0.057 

7.130 

0. 

100.003 

12.0000 

1000.00 

4.90186*02 

3.7523E  00 

6.4774E  01 

2.2576E  02 

324.25 

36.56 

60.81 

2-63 

87.45 

0. 

511.71 

63.367 

7.144 

11.884 

0.514 

17.091 

0. 

100.000 

12.0000 

1200.00  _ 

2*  6675 E  00 

1.97146  00 

3.0042E  00 

L.1463E01 

290.38 

47.85 

38.23 

13.92 

166-50 

0. 

556.86 

52.143 

8,593 

6.865 

2.499 

29-899 

0. 

i66.66r- 

12,00p0_ 

_JL4pg.gp. 

_  6.*  3j6  9 7.6. _  OX- 

-J*2P_8l.E_og 

2,7106  E_--QJL_ 

-i,7A37E^QQ.  263*44  . 

,  49*34  - 

37*85  - 

_2.4-4*23-_ 

_ £U- _ 

..JflUL _ 

43.356 

8.116 

2.108 

6.229 

40, 189 

0. 

100. ou : 

12.0000 

1600.00 

8.2139E  02 

B.2439E-G1 

4.0069E-0Z 

7.5188E-01  258.65 

43.22 

1.87 

54.92 

270-95 

0. 

6?9.60 

41.082 

6.864 

0.297 

8.722 

43.^35 

0. 

100.00 J 

1 2  •  G  00 

1800.00 

6.7984E  03 

6.0833E— 01 

0.3445E-O3 

_4.9981E-.0JL.  2  630.0..  . 

3  ras 

p.25 

,  2  -6  9,7  4_ 

_ 

_63.2*-64 _ 

41,574 

5.870 

0.039 

9.893 

42.624 

0. 

100.00 

12*0000 

2000.00 

4.0./14E  04 

4.7516E-01 

2. 262  2E-03 

3.7391E— 0 1  267,67 

32.37 

0.04 

67.59 

265.58 

0. 

633.25 

42.270 

5. 112 

0.007 

10.673 

41.939 

0. 

100. OOv- 

12.0000 

22pg.gc__ 

1. 8036 E.  05„ 

3.88  64E— _OJL_ 

7 ,  5373E-Q4 

.2*  9  7  92c- 01  2.7 1.3  2_ 

28*69 

0*01  _ 

71.30 

262.0 j . 

G,._ 

613^32 _ 

42,840 

4.531 

0.021 

11.258 

41.370 

0. 

IOC. GO  1 
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TABLE  F-10A 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STfcAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM” REFORMER  FEED  -  C3H8  tluO  MOL  C  BASIS),  STEAM/C  RATIO,  5,0 
ELEMENTAL  COMPOSITION 

C ( ATOMS )  H ( ATOMS)  DIATOMS)  N2IN0LS) 

IOC. 00  1266*67  50c* 00  1. 

CGNOITIONS  AND" EQUILIBRIUM  CONSTANTS  EQUILIBRIUM  PRODUCT  COMPOSITIONS 


PI  ATM) 

TIDEG  F) 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CQ 

H2 

N2 

TOTAL 

MOLS 

MOLS 

HOLS 

HOLS 

HOLS 

HOLS 

HOLS 

MOL  PC  HOL  PC  MOL  PC  HOL  PC  MOL  PC  MOL  PC 

MOL  PC 

AOOiOO 

JljiOlUfi.ftS.. 

4,000.7^  09. 

1.2Q68E  10 

.464.27  . 

17.86 

02,14 

.  .0,00  . 

.  4.T.9  . 

0- 

.  569  nC  6. ...... 

81.585 

3,139 

14.433 

0.000 

9,842 

0. 

100.00  ■ 

l.COOO 

600. OC 

2.199CE-07 

3.1479E  01 

1.0428E  06 

J.8982E  06 

449.46 

25.24 

74.70 

0.06 

34.47 

0. 

503,93 

76.972 

4.322 

12.793 

0*011 

5.903 

0. 

100.000 

l.OUOO 

600.00 

2.6585E-04 

9.0223E  00  3.7690E  03 

1«.M*3£  .QA_ 

-  40**53  _ 

— £2*70 ... 

...OitiL. 

JJLliM  . 

_ Ji2Su i9A _ 

65.316 

7.169 

8,580 

0.228 

18.707 

0. 

100.00- 

l.OGOO 

1000,0’j 

4.90 1S6-02 

3.7523E  0> 

6.4774E  01 

3.  1290E  02 

352.85 

67.46 

20.32 

12,22 

239.85 

0, 

692.70 

50.939 

9*739 

2.933 

1.764 

34.625 

0. 

100.000 

I. 0000 

1200.00 

2 *68?§£  Op 

i  .9jU.46_Si._. 

.  3tfip42.5 . 9'j. 

J>*3.H<8S  Oif 

333, 

67*,2 

U66 

.30,5.2. 

296*  U  . 

.-0,,... 

....  .U<UQ£.„.  . 

45.730 

9.290 

0,227 

4.181 

40.572 

0. 

100.00' 

1,0000 

1400.0c 

6.3697E  01 

1.2081E  00 

2.7306E-01 

2.5076E  01 

341.55 

58.54 

0.09 

41.37 

291.61 

0. 

733.16 

46.586 

7,905 

0,012 

5.643 

39.775 

0. 

100,0.') 

1.0000 

1600.00 

8.2139E  02  8.2439S-01 

4L.00698-P2 

_ Q..CU 

283,70. „ 

.an.. 

_ .733012 _ _ 

47.676 

6.872 

O.OOi 

6.764 

38.686 

0. 

100,00.> 

I. 0000 

1600,00 

6.7984E  03 

6 .0833E-0 1 

8.34*5E-0J 

1. 021  IE  01 

356.13 

43.87 

0.00 

56.13 

277*20 

0. 

733*33 

46.564 

5.982 

0.000 

7.654 

37.800 

0. 

100.00  ■ 

1.0000 

2QuO«Q3 

4.0014E  04 

-Al  ZUjftfcftL 

.4 !<***%&**. 

JaWAOJEJUL 

._3«f_69  ... 

.  <UflL<L.. 

27Z..QV 

... .  733*33 _ 

49.269 

5.276 

0.000 

6,360 

37.094 

0. 

100. OOT 

I.UOOO 

2200,00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

5.9450E  00 

365.36 

34.64 

0.00 

65,36 

267.97 

0. 

733.33 

49.822 

4*723 

0.000 

8.913 

36.541 

0. 

100-0OD 

2.0000 

400.00 

7.9414E-12 

2  .071 IE  02 

4.0007E  09 

1.2877E  1C 

464.96 

17.52 

82.48 

0.00 

3.4} 

_ 0. 

„  .SMtiT _ 

81.806 

3.082 

14.512 

0.000 

0.600 

0.’ 

100*000 

2.0000 

600. OC 

2* 199CE-07 

3.1479E  01 

1.Q438E  06 

4.U684E  06 

454*10 

22,93 

77.03 

0.04 

25.18 

0. 

579.28 

78.390 

3,959 

13.297 

0,007 

4,347 

0, 

100.00^ 

2.0000 

8 0 0 . OC _ 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.4550E  04 

422.47 

38.31 

-_0,90 

89.29 

o. 

-  611,76 _ _ 

69.059 

6.263 

9.937 

0,147 

14.595 

0. 

100.000 

2.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.8018E  02 

372.13 

59.71 

31.64 

8.45 

197.53 

0. 

669.66 

55.569 

8.917 

4.754 

1.261 

29.498 

0. 

100,000 

_  2.0000 

1200. C0_ 

2.6875E  00 

1.9714E  00 

3.0042E  00 

3.0215E  01 

338*99 

66.42 

5.40 

26. 13 

283.54 

0. 

46*917 

9*192 

6.748 

3.900 

39.243 

0. 

100.000 

TABLE  F-10B 


PRODUCT  COMPOSITIONS  FROH  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  C3HB  t ICO  MOL  C  BASIS) ,  STEAM/C  RATIO.  5.u 
ELEMENTAL  COMPOSITION 

C {ATOMS )  H{ AT  OHS )  Qt  ATOMS )  N2IM0LSI 

luf.OC  1266,67  50C.00  C* 


CONDITIONS  ANO 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOS  I F ICNL 

P l ATM) 

TIDEG  F) 

KR 

KS 

KC 

RT 

H2Q 

CQ2 

CH4 

CO 

H2 

N2 

TOTAL 

HOLS 

MOLS 

HOLS 

MQLS 

MOLS 

MCLS 

MOLS 

MOL  PC  MOL  PC  MQL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

A • 0000 

1400.00 

6.3697E  01 

1 . 2061E  G-J 

2. 730  6E_“01_ 

6.5114E  0(- 

343.07 

in 

<9 

, 

00 

in 

1.32 

40.43 

287.63 

0. 

73.,.  70 

46.950 

7.972 

0.181 

5.533 

39.364 

0. 

10U.GO 

4  -  CL  00 

lbOO .00 

8.2139E  02 

8.2439E-01 

4.0C69E-02 

3 *  7 6  6  8 E  Ol 

349.74 

50,38 

0.12 

49.51 

283*36 

0. 

733.1*1 

47.707 

6.872 

0.016 

6.753 

16*6^2 

0. 

100.00 

4*cooo 

1800. UO 

6. 7984 E  03 

6.O833E-01 

8.3445E-03 

2.55  36E  0-j 

356. 15 

43.87 

0.01 

56.12 

277.16 

0. 

733.31 

48.567 

5.982 

U.002 

7,653 

37.796 

0. 

100.00 

4.0000 

2000.00 

4.0U14E  04 

4.7516E-01 

2.2622E-03 

1.8874E  OC 

361.31 

38.69 

0.00 

61.31 

272.02 

0. 

733,33 

49.270 

5.276 

0.000 

0.360 

37.094 

0, 

IOC. 00- 

4.0000 

2200. 00 

1.8036E  05 

3.8864E-01 

7. 5373E-04 

1.4363E  0? 

365.36 

34.64 

0.00 

65,36 

267.97 

0. 

733.33 

49.822 

4.723 

o.ooc* 

8.913 

36.541 

0. 

100.000 

6*0600 

400.00 

7.9414E-12  2.G711E  02 

4.0007E  09 

465, 6_£ 

-17,16 

82,64 

0  .Oj 

1.98 

■If . 

567, . 

e~2.035~ 

3.023 

14.593 

0.000 

U.  349 

0, 

100,00  , 

6.0000 

600-00 

2 . 1 990  E~  07 

3.1479E  01 

1.0436E  06 

4.2884E  06 

459.13 

20.43 

79.55 

0.02 

15,  1,. 

0  m 

574,23 

79.955 

3.557 

13.854 

0.004 

2.630 

0. 

100,00 

6.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.5883E  04 

438.57 

30.50 

69.07 

0.44 

56.63 

0. 

595.20 

73.685 

5.  124 

11.604 

0,073 

9. 514 

0. 

100,00.- 

6.O0Q0 

1000.0 

4.901BE-02 

3.7523E  00 

6.4774E  01 

2.7502E  02 

400.94 

47.39 

48.33 

4,28 

135.74 

0. 

636.68 

62-973 

7.444 

7.591 

0.672 

2 1*  320 

0. 

100,00 

6.0000 

1200*0'' 

2.6875E  00 

1.9714E  03 

3.0042E  00 

1.7569E  01 

359.53 

60.28 

19*81 

_19,92 

234. ly 

0* 

693,72 

51.826 

8.689 

2,855 

2.871 

33.759 

0. 

100,00 

6. 0000 

1400.00 

6.3697 t  01 

1.2U81E  00 

2.7306E-01 

4.5407E  00 

344.85 

57.91 

2.76 

39.33 

282.97 

C. 

727, C2 

47.381 

7.957 

0,379 

5,404 

38.880 

0. 

100.00 

6.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

2.5217E  00 

349.91 

50.35 

0.26 

49.38 

282.91 

0. 

732.81 

47.748 

6-871 

0.036 

6.739 

38.696 

0. 

100.00 

6.0000 

1800.0  , 

6. 79  84 E  03 

6.0833E-0L 

8.3445E-03 

1.7033E  00 

356.17 

43.87 

0.03 

56.19 

277.10 

0  . 

733.27 

48.573 

5.982 

0.005 

7.651 

37.790 

0. 

100. OC 

_ 6._Cu00 

2000.00 

4.00  1 4 E  04 

4.7516E— 01 

2.2622E-03 

1.2584E  00 

361.31 

38.69 

0.01 

61.30 

272.01 

0. 

733.  3_2_„ 

49*271 

5.276 

o.oci 

8.360 

37.093 

b. 

100.00 

6.0000 

2200.00 

L.8J36E  05 

3.8864E-01 

7.5373E-04 

9.9U87E-0L 

365.37 

34.64 

0.00 

65.36 

267.97 

0* 

733.33 

49.823 

4.723 

0.000 

8.913 

36.541 

0. 

100.00 

__  12.CC00 

400.00 

7.9414E-12 

2.0711E  02 

4.0007E  09 

X.3087E  JCL 

465.97 

17.02 

82.98 

0.00 

1.4-: 

0. 

567,37 

82.127 

2.999 

“14.626 

0.660 

0,248 

0, 

100.00 

12.OC00 

600.00 

2.199GE-07 

3.1479E  01 

1.0438E  06 

4.3951E  06 

461*24 

19*37 

80.61 

0.01 

10.86 

0, 

572.11 

80.622 

3.386 

14.091 

0.003 

1.899 

0. 

100,00-'- 

12*flo00 

800.00 

2.6585E-04 

9.0223E  0) 

3.769CE_  03_ 

1.67368  04 

445.84 

26,94 

72,78 

_ 0  *  28 

41.93 

0. 

587.77 

"757853 

4.583 

12.383 

0.048 

7.133 

c  • 

ioo. o6 

12.0000 

LOGO.Q  ? 

4.9018E-02 

3.7523E  03 

6.4774E  01 

2.8453E  02 

415.90 

40.69 

56.59 

2.72 

1G4.26 

0. 

620.16 

67.063 

6.562 

9.125 

0.438 

16.812 

0. 

ioc.oo: 

12.0000 

1200.0/ 

2. 6 8 75 E  00 

1.9714E  00 

3.0042E  00 

1.5367E  01 

377*43 

54*27 

31.69 

14,04 

192.52 

0. 

669.95 

56. 336 

8.100 

4.731 

2.096 

28.737 

6. 

* lOO.OOv 

_ J2  *0.000 

1400 

6*3 697 E  01 

1 . 208 IE  UJ 

.  2,7306Er01 

2.  7146E  _0Q _ 35U_L_ 

_ a-22._ 

.35*27 

265*17  __ 

.  _  _Qji _ 

7 16.^8  9_ 

49.061 

7.883 

1.147 

4*919 

36.990 

0. 

IOC.OO 

12.CJ0C 

1600.00 

B.2139E  02 

8.2439E-U1 

4.0069E-Q2 

1.2885E  00 

350.76 

50.24 

1.01 

48.75 

280.56 

0. 

731.32 

47.963 

6.870 

0,  138 

6.666 

38,364 

0* 

100.00 

_ 12.0000 

1800  ,G3„, 

6.7984E  03 

6.0833E-O1 

_8.3445E-03 

B.5398E-0L 

356*17 

43,6  6 

_  56*Ql 

„276,B0_ 

0. 

133*5:7. 

48.600 

5*983 

0.018 

7.641 

37.759 

0. 

10U.0Q 

12.0000 

2000 .OC 

4.GU14E  04 

4.7516E-01 

Z.2622E-03 

6.  2  947E-01 

361.33 

38.69 

0*02 

61.29 

271,96 

0. 

733.29 

49,276 

5.276 

0*003 

8.358 

37.087 

0. 

100.00? 

12.0000 

2200.0; 

1.B036E  05 

..3.0864E-O1 

7. 537  3E“04 

4.9548E-0I 

365.3? 

34.64 

0.01 

65.36 

267.96 

5, 

733*3?  . 

49. 824 

4.723 

0.001 

8.913 

36,540 

0. 

100. ooc 
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TABLE  F— IT 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 


STEAM  REFORMER  FEED  -  C6H14  (100  HDL  C  BASIS) t  STEAK/C  RATIO,  1.0 
elemental  COMPOSITION 

C( ATOMS)  HI  ATOMS)  O(ATOMS)  JI2LM0L$a_„  .....  . 

100.00  433.33  100.00  0. 


CONDITIONS  AND  EQUILIBRIUM  CONSTANTS  EQUILIBRIUM  PRODUCT  COMPOSITIONS 


P ( ATM) 

T (DEG  F) 

KR 

KS 

KC. 

_  RT 

H2G 

C02 

CH4 

CO 

H2 

N2 

TOTAL 

MOLS 

MOLS 

MOLS 

MOLS 

MOLS 

HOLS 

MOLS 

-  .  . 

MOL  PC  MOL  PC  MOL  PC  MQL  PC  HQL  PC  MOL  PC 

MOL  PC 

1.0000 

1600,00 

8.2139E 

02 

8.2439E-01 

4.0069E-02 

3. 60  53F-0? 

2.78 

1.06 

_  _  3. 83 

95.11 

206.23 

0. 

309.00 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

0.898 

0.342 

1.240 

30.781 

66.739 

0. 

100.00J 

1.0000 

1800.00 

6.7964E 

03 

6.0833E-01 

8. 3445E-03 

9.5909E-03 

1.05 

0.30 

1.35 

98.36 

212.92 

0. 

313*97 

11*335 

0.094 

0.429 

31.327 

67.815 

0. 

100*00-^ 

1.0000 

2000.00 

4.0014E 

04 

4.7516E-Q1 

2.2622E-03 

3.1652E-03 

5 

0.10 

0.55 

99*35 

0. 

315.56 

0.143 

0.031 

0.174 

31.484 

68.168 

0. 

100.000 

1.0000 

2200.00 

1.8036E 

05 

3.8864E-01 

7.5373E-04 

1.24G1E-03 

0.22 

0.04 

0.26 

99.70 

215.94 

0. 

316.15 

.  .  - 

-•  -  — 

0*069 

0.012 

0,081 

31.537 

68.301 

0. 

100.000 

2.0000 

1600.00 

8.2 139 E 

02 

8.24396-01 

4. 0069E—02 

3. 6Q68E-02 

5.19 

1,97 

7.16 

90.87 

197.^17 

0. 

302.35 

CONDITIONS  LEAD 

TO  CARBON  FORMATION, 

1.715 

0.652 

2.367 

30.056 

65.211 

0* 

100,000 

2.G000 

1800.00 

6.79846 

03 

6,08336-01 

B.3445E-03 

9.5859E-03 

2.05 

0.58 

2.63 

96.80 

209.36 

0. 

311.41 

0.659 

0.185 

0.844 

31.083 

67.229 

0. 

100.000 

2.0000 

2000.00 

4.Q014E 

04 

4.75166-01 

2.2622E-03 

3.1639E-03 

0.89 

0.20 

1.09 

98.71 

213.59 

0. 

314.49 

0.284 

0.062 

0.346 

31.389 

67.918 

0. 

1 00.000 

2.0000 

2200,00 

1.80366 

05 

3.8864E-01 

7. 5373E-04 

1.2398E-03 

0.43 

0.08 

0.51 

99.41 

215.21 

0. 

315.64 

0.137 

0.025 

0.162 

31.495 

68.182 

0. 

100.000 

4.0000 

1600.00 

8.2139E 

02 

B.2439E-01 

4. 00696-02 

3.6096E-02 

9.18 

3.48 

12.67 

83.85 

162.15 

0. 

291.33 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

3.152 

1.196 

4.348 

28.781 

62.523 

0. 

ioo.oo; 

4.0000 

1800,00 

6.7984E 

03 

6.083 3E-01 

8. 3445E-Q3 

9.5763E-03 

3.91 

1.10 

5.01 

93.69 

202.74 

0. 

306.65 

-  .  ..  .. 

1.275 

0.359 

1.634 

30.618 

66.114 

0. 

100*005 

4.0000 

2000,00 

4.0014E 

04 

4.7516E-01 

2.2622E-03 

3.1614F-03 

1.75 

0.38 

2.13 

97.48 

210.65 

0. 

312.40 

0.  560 

0.123 

0.683 

31.204 

67.429 

0. 

100.000 

4.0000 

2200,00 

1.80366 

05 

3.8064E-O1 

7.5373E-04 

1.2392E-03 

0.86 

0.15 

1.01 

98.84 

213.79 

0. 

314.64 

- 

— 

-  -  — 

- - 

0.272 

0.049 

0.321 

31.412 

67,946 

0. 

100.000 

6.0000 

1600,00 

8.21396 

02 

8. 24396-01 

4. 0069E-02 

3.  61226-02 

12.38 

4.69 

17*08 

78,23 

170.12 

0. 

282.51 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

4.384 

1.662 

6.045 

27.690 

60.219 

0. 

100,001 

6.0000 

1800.00 

6.7984E 

03 

6*08336-01 

8. 3445E-03 

9. 5670E-03 

5.60 

1.58 

7.18 

91.24 

196.70 

0. 

302.39 

.  . 

- -  . 

_  _  . 

1.853 

0,523 

2.376 

30.181 

65*  Oo7 

0, 

100.000 

6.0000 

2000.00 

4.00I4E 

04 

4.75166*01 

2.2622E-03 

3*  15906-03 

2.57 

0.57 

3.14 

96*30 

207,82 

0. 

310.39 

0.829 

0.132 

“l.'on 

31.024 

66.954 

0. 

100.000 

6.0000 

2200,00 

1.80366 

05... 

3.8864E-0J 

7.5373E-04 

1.  23866-03 

1.27 

0.23 

1.50 

98,27 

212.39 

0. 

0.406 

0.073 

0.479 

31.330 

67.713 

0, 

100.009 

12.0000 

1600.00 

8.21396 

02 

8.2439E-01 

4.  0069E-02 

3.6185E-02 

19.  16 

7.24 

26.41 

66.35 

144.69 

0. 

263.85 

CONDITIONS  LEAD 

TO  CARBON  FORMATION, 

7.263 

2.746 

10.009 

25.146 

54.837 

0. 

iOO.QQO 

12.0000 

1800. 00 

6.79B4E 

6.0833E-01 

8.3445E-03 

9. 5415E-03 

9.90 

2.81 

12.71 

84.49 

181.35 

0* 

291,25 

3-400 

0.963 

4.363 

29.008 

62.266 

0. 

100. 009 

12.0000 

2000.00 

4.00I4E 

04 

4.7516E-Q1 

2.2622E-03 

3.  1521E-03 

4.86 

1.07 

5-93 

93.  QU 

199.95 

0. 

304.81 

1.593 

0.352 

1.945 

30.510 

65.599 

0. 

100.009 

12.0000 

2200.00 

1.80366 

05 

3.8864E-01 

7.5373E-04 

1. 23696-03 

2.47 

0.45 

2.92 

96.63 

208.35 

0. 

310.83 

0.796 

0.143 

0.939 

31-090 

67.032 

Q. 

100.000 
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TABLE  F-12A 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  ANO  SHIFT  EQUILIBRIA  - 

■STEAM  REFORMER  FEED  -  C6H14  (100  MOL  C  BASIS*  ,  S TEAH/C  RATIO ,  2.0 


ELEMENTAL  COMPOSITION 

CtATOMS)  H{  ATOMS.)  Q(  ATOMS  )  N2(HQLS  ) 
100.00  633.33  200.00  0. 


CONDITIONS  ANO 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

PIATH) 

TCDEG  F) 

KR 

KS 

*C. 

RT 

H20 

CQ2 

CH4 

CO 

H2 

«2 

TOTAL 

mqls 

HOLS 

HOLS 

HOLS 

MDLS 

HCL5 

MQLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MQL  PC 

1.0000 

400.00 

7.9414E-12 

2 .071  IE  02 

4.0007E  09 

4.0748E  09 

_ 157.44 

21.28 

_  78.72 

_  Q  ,0  ' 

1.78 

0. 

259.?3 

60.735 

8.209 

30.367 

0.000 

0.688 

0. 

LOO.OClu 

1.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

1.3330E  06 

151.53 

24.20 

75.73 

0.07 

13,68 

0. 

265.21 

- 

67,137 

9.125 

28.555 

0.026 

5,157 

0. 

100.00 J 

1.0000 

BOO. 00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

4.T757E  03 

133.32 

_ 32  ,jS4 

65.96 

1 .46 

51.41 

0, 

284.74 

46.824 

11.463 

23.167 

0.490 

18.056 

0. 

100.00'J 

1.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

7.8339E  01 

103*51 

41.66 

45.17 

13.17 

122.82 

0. 

326.33 

- - 

31.720 

12.766 

13.841 

4.037 

37*636 

0. 

lOu.OOO 

1.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

5.7747E  00 

14^40.. 

49*34 

209,71 

0. 

387*86 

20,149 

9.347 

3.713 

12,722 

54.068 

0. 

100.00-. 

1.0000 

1400  Too 

6.3697E  01 

1.208 IE  00 

2.7306E-01 

2. 1 569E  00 

74.32 

26.90 

1.22 

71.88 

239.90 

0. 

414,22 

17.942 

6.495 

0.295 

17.352 

57.916 

0. 

100,00"' 

1.0000 

1600.00 

8.2139E  02 

8.2439E-Q1 

4.0069E-02 

I.4473E  00 

78.68 

21.41 

0.09 

...  78 . 49 _  237.79 

0. 

416.48 

18.892 

5.141 

0.023 

18.847 

57.097 

o. 

lOC.OOC- 

1.0000 

1800.00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

I.0822E  00 

82.39 

17.62 

0.01 

82.37 

234.25 

0. 

416.64 

- 

19.774 

4.230 

0.003 

19.769 

56.224 

0. 

100.0 oo 

1.0000 

2000. 00 

4.0014E  04 

4 • 75 16E~0 1 

2.2622E-03 

8.5512E-01 

85.13 

14.87 

0*00 

85.13 

231.53 

0* 

416.66 

20.431 

3.569 

0.000 

20.431 

55.568 

0* 

100.00'- 

1.0000 

220Q  JOQ 

1.8036E  05 

3.8064E-O1 

7. 5373E-04 

7.Q553E-01 

87.  14 

12.86 

0.00 

87.14 

229.52 

0. 

416.66 

20.914 

3.086 

o.ooo 

20.914 

55.086 

0. 

100,000 

2.0000 

400.00 

7.9414E-12 

2.0711E  02 

4.0007E  09 

4.071 IE  09 

157.70 

21.15 

78.85 

0.00 

1-26 

0. 

258.97 

60.896 

8.167 

30.448 

0,000 

0.488 

0. 

100,000 

2.0000 

600.00 

2.199CE-07 

3.1479E  01 

1.“0438E‘  06 

1.3684E  06 

153.44 

23.25 

76.70 

0.05 

9.  82 

0. 

263.27 

- 

--  -- 

-  -  --  -•  - 

-  -  . 

58.284 

8.8  33 

29.133 

0.018 

3.732 

0. 

100.002 

2.0000 

800,00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

5.1155E  03 

139.72 

29.69 

69.41 

0.90 

38*12 

0. 

277.84 

50.287 

10.686 

24.982 

0.323 

13.722 

0. 

100.00 o 

2.0000 

1000.00 

4.901BE-02 

3.7523E  00 

6* 4774 E  01 

8.3616E  01 

115.04 

38.27 

53.31 

8,42 

95.01 

0. 

310.05 

-  - — 

— 

37.103 

12.343 

17,193 

2,717 

30,644 

0. 

100.000 

__ _ 2. 0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

4.8578E  00 

88.76 

36.98 

25*74 

37.28 

176.42 

0* 

365. J  8 _ 

24.306 

10.126 

7.049 

10.209 

48.311 

o’. 

luO.OOG' 

_ <L?  00  Q0_ 

1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

1.1950E  00 

76.76 

27.40 

4.  17 

68.43  231.56 

_ 0, 

. .  408.33 

18.800 

6.712 

1.021 

16.758 

56.710 

0. 

100.000 

2.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

7.3023E-01 

78.91 

21.46 

0.37 

78.17 

237.01 

0, 

415.92 

18.973 

5.159 

0.089 

18.795 

56.984 

0. 

100.000 

2.0000 

6.0B33E-01 

8.3445E-03 

5.4168E-Q1 

82.42 

17.63 

0.04 

02.33 

234.16 

0. 

416.58 

19.784 

4.231 

0.010 

19.763 

56.211 

0. 

100.000 

2.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

4.2763E-01 

85.13 

14.87 

0.01 

85,12 

231.52 

0* 

416.65 

20,433 

3.570 

0.002 

20.430 

55.566 

0, 

100.00- 

2.0000 

2200.00 

1.8036E  05 

3.6864E-01 

7 • 5373E-Q4 

3.5278E-01 

87.14 

12>a6 

0.00 

229.52 

0-  . 

416.66 

20.915 

3.086 

0.000 

20.914 

55.085 

0. 

LOO. 000 

4.0000 

400.00 

*7.94UE“12 

2.0711E  02 

4.0007E  09 

4.0788E  09 

157.88 

21.06 

78.94 

o.ou 

0.90 

0. 

258.78 

61.011 

8.137 

30.505 

0.000 

0.346 

0* 

100.00  - 

4.0000 

600.00 

2.199CE-07 

3.1479E  01 

1.04386  06 _ 

1. 39 5 IE  06 

154.83 

22.57 _ 

77.40 

0.03 

7.03 

0. 

261.86 

59.128 

8.618 

29.558 

0.012 

2.684 

0* 

loo.oo  i) 

4-OCOO 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

5.4127E  03 

144.64 

27,39 

72.02 

0.59 

27.98 

0. 

272.62 

53.055 

10.046 

26.420 

0.215 

10.264 

0. 

lOCi.O'i ; 

_ 4.0000 

1000^ 

4.9018E-02 

_3*7523E_.QG. 

6.4774E  01 

8.9047E  01 

34. 

„  523Z 

72.19 

0. 

..  297^  ^ 

42.045 

11.731 

20.119 

1.807 

24.297 

0. 

lOO.QOJ 

4.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  OU 

4.5999E  00 

100.67 

36.62 

37.29 

26.09 

141.41 

c. 

342.09 

29*429 

10.794 

10.901 

7,627 

41.359 

c. 

10U.00C 
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TABLE  F-12B 

PRODUCT  COMPOSITIONS  from  hydrocarbon  steam  reforming  and  shift  equilibria 

STEAM  REFORMER  FEED  -~C6H14  (  100  MOL  C  BASIS).  STEAM/C  RAT  ID.  2.C 
ELEMENTAL  tOKPCSITIOfg 

C  l  ATOMS  1  H(ATOHS)  OUTGMS)  N21H0LS) 

IOu.OO  633.33  200.00  0. 


CONDITIONS 

AND 

equilibrium 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P(ATM) 

TIOEG  F ) 

KR 

KS 

KC 

KT 

H2G 

C02 

CH4 

CO 

H2 

N2 

total 

MOLS 

HOLS 

MOLS 

MOLS 

HGLS 

MQLS 

MOLS 

MOL  PC  1 

HOL  PC  MGL  PC  MOL  PC  1 

MOL  PC  MOL  PC 

MOL  pc 

4.0000 

1400. 0O 

6.3  697E 

01 

1 .208 IE  00 

2.7306E-01 

7.7120E-01 

82*69 

28.43 

11.17 

60.34 

211.63 

0* 

394.32 

20.970 

7.224 

2.834 

15.303 

53,670 

0. 

100.00’; 

4. GvQO 

1600 • 00 

8.21396 

02 

8.2439E-01 

4.00696-02 

3.  7772E-01 

79,78 

21.63 

1.41 

76.97 

234*07 

0. 

413.85 

19.278 

5.226 

0.340 

18.598 

56.559 

0. 

100.00  J 

4.C0Q0 

1800.0 

6.7984E 

03 

6.08336-01 

8. 3445£-03_ 

2»?19SG-01 

82.13 

17.65 

0.17 

82.18 

233.79 

0. 

416.32 

19.823 

4.239 

0.042 

19.740 

56.157 

0. 

100. OOG 

4. 0000 

2000.0* 

4.0014E 

04 

4*751 6E-Q 1 

2.26226-03 

2. 1 3966-0 l 

85.15 

14.88 

0.03 

85.lv 

231.46 

0. 

416. 6L 

20.440 

3.571 

0.007 

20.426 

55.557 

0. 

100.000 

4.0000 

2200.00 

1*80361; 

05 

3.aa64E-oi 

7.53736-Q4 

1.76416-01 

87.15 

12.86 

0.01 

87.13 

229.51 

o. 

416.65 

20.916 

3,086 

0.001 

20.913 

55.083 

0. 

100.001 

6.0000. 

.  400. DC 

7. 941^- 12 

_2,.Q7  UE_Q2 

_  -4aQI10I£_J)JL  ^Q82IE-J12 _ 15.1*51 _ 

_  0-.  QO 

£,73 

_258,7Q  ... 

61,062 

B.124 

30.531 

0.000 

0.283 

0* 

100.003 

6.0000 

600 . OC 

2.199QE- 

-07 

3.1479C  01 

1.04386  06 

1.4078E  06 

155.46 

22.26 

77.72 

0.03 

5.77 

0. 

261.23 

59.511 

8.52Q 

29.751 

0.010 

2. 208 

0. 

IOU.OO i 

6.0000 

.  800.00 

2.6585E-04 

9.Q223E  00 

3.769CE  03 

5,56466  03 

146.94 

26.30 

73.24 

0.46 

23.25 

0. 

270.19 

54.382 

9.734 

27. 106 

0.171 

8.607 

0. 

100.00  j 

6.0000 

1000. D 

4.9018E' 

-02 

3.7523E  00 

6.47746  01 

9*  361 IE  01 

129.87 

33.00 

62.67 

4.13 

61.06 

0. 

290.93 

44.641 

11.342 

21.610 

1.421 

20.987 

0. 

LOu.OO  0 

6  .0000 . 

1200. go 

2. E 

.00... 

3.QQ42F  00  4,60006  00 

J.Q7*_S2 

.  15*86 

43^  41 

2Q-..7JL 

122*33  „ 

_9  , 

_  329^5 

32. 597 

10.879 

13.159 

6.278 

37.086 

0. 

IQU.OOv 

6.0000 

1400.00 

6*  3697  £ 

01 

1 .2081 E  00 

2.73066-01 

6.5161E-01 

87.97 

29.27 

17.24 

53.49 

194.22 

0. 

3B2.19 

23.017 

7.659 

4.510 

13.996 

50.818 

0  • 

lOO.OQl 

6.0000 

1600.00 

8.2139E 

02 

8. 2439E— 01 

4.0069E-0£ 

2.64766-01 

81.05 

21.87 

2.92 

15-21.. 

.229.77 

0. 

410.82 

19.729 

5.324 

0.711 

18.306 

55*929 

c. 

loo.ooo 

6  •  0000 

1800.00 

6.7984E 

G3 

6.08336-01 

a. 34456-03 

1. 02526-01 

82.71 

17.68 

0.38 

81,94 

233.19 

0. 

415.90 

19.886 

4.251 

0.092 

19  •  7u  1 

56.069 

0. 

100.00*’: 

6.0000 

2gpo.._oo 

4.0  >146 

04 

4. 751 6E-01 

2. 262  2E-03 

1. 42806-01 

85.18 

14.88 

-0.06 

85  .£6 

231.35 

0?  _ 

...  416.54 

20-450 

3.572 

0.015 

20.420 

55.542 

o'. 

100.000 

6.0000 

2200.00 

1.B036E 

05 

3.8864E-01 

7.5373E-04 

U1764E-01 

87 .15 

12.86 

0.01 

87.13 

229.48 

0, 

416.64 

20.918 

3.087 

0.003 

20,912 

55.080 

0. 

100.001 

12.0000 

.  400,00 _ 

7.9414  6- 

-12 

2 .07116  02 

4.0007E  09 

4.  1U14E  09 

158*07 

20.96 

79.04 

o.oo 

0*52  .. 

258^9 _ 

61*129 

8.107 

30.564 

0.000 

0.2  0 

_ 

0. 

100. OOJ 

12.0000 

6 CO. 00 

2.199CE- 

'07 

3.1479E  01 

1.0438E  06 

1.42436  06 

156.29 

21,85 

78.11 

0*02 

4.11 

0. 

260.40 

60.019 

8.390 

30.0U6 

0.007 

1,578 

0. 

lOG-OnG 

12.0000 

_aoo.qc- 

2.6585E* 

-04 

9.0223E  00 

3- 769 CE  03 

5.7862E  03 

150.06 

24.81 

74.88 

0.31 

16.85 

0. 

266.91 

56.221 

9.297 

28.053 

0.116 

6.313 

y. 

100.001 

12.0000 

100O.0C- 

4.9018E- 

-02 

3.7523E  00 

6.4774E  01 

9.9876E  01 

136.96 

30.18 

67.15 

2.67 

45.40 

c  i 

282.37 

48. 505 

10.690 

23.781 

0.944 

16.030 

0. 

lOO.UQv 

12.0000 

1200.00 

2 .6875  E 

00 

_  1.9714E_0_g_ 

3.0042E  00 

4.7353E  00 

118.31 

34.01 

_52.32 

13.67 

93.71 

0* 

312.02  _ 

37.917 

10.901 

16.768 

4.380 

3o*034 

0. 

iou.guv 

12.0000 

1400.00 

01 

i.2oa.i£...Qe. 

2^73066-01 

5«£me=oi_. 

3G*£3„_. 

„  29.20 

40*47 

159,4V 

0., 

358.27 _ 

27.597 

8.465 

8.150 

11. 297 

44.491 

0. 

100.00" 

12.0000 

1600.00 

8.2139E 

02 

8.2439E-01 

4.0069E-02 

1.60526-01 

85.83 

22.74 

B.  58 

68.68 

213.68 

0. 

399.51 

21.484 

5,693 

2*146 

17.191 

53.486 

0. 

100.00  - 

12.0000 

1800.00 

6.7984c 

_03_ 

6.0833E-01 

8,3441E-Q3__ 

9.44236-02.. 

.__83«62 _ 

17.84 

_  1.46 

80,7  1 

230.14 

.  0*.  . 

413, 7  5 _ 

20 • 2G9 

4.311 

0.352 

19.5V6 

55.622 

100.0  :  j 

12.0000 

2000.00 

4.0014E 

04 

4.7516E-01 

2. 2622E-0  3 

7*182  IE-02 

35. 35 

14.91 

0.25 

84.04 

230,81 

9. 

416.16 

20.509 

3.582 

0.061 

20.386 

55.462 

0. 

100.00  i 

12.0000 

2200.00 

, 1.8036E 

05 

_3 . 88  6 4  £— 0 1  _ 

.  7*  5373E-04 

5.9894t£-02 

87.19 

12.87 

J*  06 

H7.06 

229.36 

’  • 

416,55. 

20.931 

3*088 

0.013 

20.9U5 

55.062 

0. 

100.00’- 

F-23 
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TABLE  F-13A 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  ST 6 AM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FE ED  *~C iljr fToOMOL  C  BASIS),  STEAM/C  RATIO,  3.0 
ELEMENTAL  COMPOSITION 

C (ATOMS )  HI  ATOMS  1  DIATOMS)  N21MQLS) 

100.00  833.33  300. OC  0. 

CONDI T fONS  AND  EQU IL IBR UW  COnTtA NTS  EQUILIBRIUM  PRODUCT  COMPOSmONS 


P ( ATM) 

TTDEG  F) 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CD 

H2 

N? 

TOTAL 

MOLS 

HOLS 

MQLS 

MOLS 

MQLS 

MOLS 

MOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

1.0000 

40Qi0i,„ 

.Zt2*14£r.l2 

4,pOQ7iP9 

6. 589  IE 

_P5L 

256.99 

2L.50 

78.50 

0 .00 

?-68 

0, 

359.67 

71.453 

5.978 

21.825 

0.000 

0.744 

0. 

1Q0.0GL 

1.0000 

600 . 00 

2.199GE-07 

3.1479E  01 

1.0438E  06 

2.1372E 

06 

248.27 

25.83 

74.10 

0.07 

20.19 

0. 

368.46 

67.380 

7.011 

20.111 

o  .oia 

5.480 

0. 

100.000 

i.  o.ooo. 

800 .CL 

2.6585E-04 

9.0223E  00 

3.76906  03 

7.6903E 

03 

222.23 

38.19 

60.41 

1  .40 

73.61 

0. 

395.84 

56.141 

9.647 

15.262 

0.354 

18,597 

0. 

100.000 

l.CuOO 

1000.00 

4.90 18E*02 

3.7523E  00 

6.4774E  01 

1.4008E 

02 

181.20 

52.89 

34.09 

13-01 

167.28 

0. 

448.48 

40.404 

11.794 

7.602 

2.902 

37.299 

c. 

100. OOG 

1.0000 

IgOO.uO 

2 , 6  8  7 ji  E  DO 

1.9714E<DQ  3.0042E  00_ 

1.4588E 

PI 

154.64 

51.57  . 

6.21 

42.22 

2*9.60 

0. 

51)4.24 

30.669 

10,227 

1.232 

8.373 

49*499 

0. 

100.000 

1.0000 

1400 .00 

6.3697E  01 

1.2Q81E  00 

2. 7306E-Q1 

6.6679E 

00 

157.99 

42.37 

0.37 

57.26 

257.94 

0. 

515.93 

30.623 

8.213 

0.071 

11.098 

49.995 

0. 

ioo.ooo 

l.OOOiv 

1600.0' 

8.2139E  02 

8 . 2439E— 0 1 

4.0C69E-02 

4.3015E 

00 

164.96 

35.07 

0.03 

64.90 

251.65 

0. 

516.61 

31.931 

6*789 

0.006 

12.563 

46.712 

0. 

100.000 

1.0000 

1800.00 

6 .79  84 E  03 

6.O833E-01 

8.3445E-03 

3.0897E 

00 

170.38 

29.62 

C.00 

70.38 

246.27 

0, 

516.66 

32.978 

5.733 

0 .00  L 

13.622 

47.667 

0. 

100.000 

1.0000 

2000.00 

4.0Q14E  04 

4.7516E-01 

2.2622E-03 

2. 3746E 

00 

174.50 

25.51 

0.00 

74.49 

.242*17 

p. 

516.66 

33.774 

4.936 

0.000 

14.418 

46,872 

0. 

100.000 

1.0000 

2200.00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

1.9223E 

00 

177.60 

22.40 

0.00 

77,60 

239.07 

0. 

516.66 

34.374 

4.336 

0.000 

15.019 

46.271 

0. 

100.000 

2.0000 

400 .00 

7.9414E-12 

2.0711E  02 

4.0007E  09 

6.6423E 

J)9. 

257.38 

21.31 

78,69 

0.00 

1.90 

0. 

—359. 2^ 

71.638 

5.931 

21.902 

0.000 

0.528 

0. 

100.000 

2.0000 

600.00 

2.199GE-07 

3.1479E  01 

1.0438E  06 

2.Z009E 

06 

251.07 

24.44 

75.51 

0.05 

14.57 

0. 

365.64 

68.666 

6.685 

20.652 

0.012 

3.985 

0. 

100.000 

2.0000 

800 • 00 

2.6565E-04 

9.0223E  00 

3.7690E  03 

8.1736E 

03 

231-25 

33.93 

65. 18 

0.90 

55-06 

0. 

386,31 

59.860 

8.783 

16.871 

0.232 

14.254 

0. 

100.000 

2.0000 

1000.00 

4,90 18E-02 

3. 7 52 3 E  00" 

6.4774E  01 

1.4116E 

02 

196.60 

47.45 

44.06 

8.49 

131.94 

0. 

426.55 

— ~  . 

45.877 

11.073 

10.281 

1,980 

30.788 

o. 

100.000 

2.CQ00. 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1.0169E 

_p_L 

164.23 

50.50 

14.72 

34.78 

222.99 

0. 

487.22 

33.707 

10.364 

3.022 

7.136 

45.768 

*  0. 

IOO.OOj 

2.00Q0. 

6.3fr97E  01 

1.2081E  QO  - 

2 . 7306E-Q1 

„ 3.4444E 

QO 

159.01 

42-38 

1.39  56.23 _ 254.87  . 

0. 

313. Si 

30.943 

8.247 

0.271 

10.942 

49.597 

0. 

100.00-J 

2.0000 

1600.00 

0.2139E  02 

8.2439E-Q1 

4.0069E-02 

2.1562E 

00 

165.04 

35.08 

0.11 

64.81 

251.40 

0. 

516.44 

31.957 

6.792 

0.022 

12.550 

48.679 

0. 

100.00'"' 

2.0000 

1800.00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

1.5453E 

00 

170*39 

29.62 

0.01 

70.37 

246*24 

0. 

516.64 

32*981 

5.733 

0.003 

13.620 

47.663 

0. 

100.000 

2.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2. 2622E-03 

1. 1873E 

00 

174.50 

25.51 

0.00 

74*49 

242.16 

0. 

516.66 

33.774 

4.937 

0.000 

14.418 

46.871 

0. 

100.000 

2^0000 

2200.00 

1.8036E  05 

3.8864E-01 

7, 53J3E-04 

*  9.6118G- 

tOl. 

177.60 

22.40 

_ Q.op 

77*60 

239.07 

^ _ 

516.66 

34.374 

4.336 

0.000 

15.019 

46.271 

0. 

100.00C 

4.0000 

400. OC 

7-9414E-12 

2.071  IE  02 

4.0007E  09 

6.6616E 

09 

257.66 

21.17 

78,83 

0.00 

1.35 

0. 

359,01 

71.771 

5.897 

21.958 

0.000 

0.375 

p. 

100.000 

jt_.pooo 

_  600.00 

2.1990E-07 

3.1479E  01 

1.0438E  .06. 

2.2513E 

.06- 

253.12 

23.43 

76.54 

0.03 

10.46 

0, 

363.58 

6.?.  619 

6.443 

21.053 

0.008 

2.877 

0. 

1 00.00 V 

4.00CO 

600.00 

2.6585E-04 

9.0223E  00 

3.769CE  03 

8.6310E 

03 

238.26 

30.58 

68.84 

0.58 

40.73 

0. 

378.99 

62.867 

8.069 

18. 164 

0.153 

10.747 

0* 

100. 000 

4.0000 

1000. Oj_ 

4.9018E-02 

3.7523E  00 

6. 47 74 E  QL 

1.468 IE 

02 

210.20 

42.18 

52.3S 

£.44 

.LQJU7L  - 

411.91 

51.031' 

10.240 

12.716 

1.321 

24.692 

_ _ 

0. 

10U.000 

4.0000 

12U0.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

8.4703E 

00 

177. 7B 

48.25 

26.03 

25.72 

186.84 

0. 

464.61 

38.263 

10.385 

5.602 

5.536 

40.213 

0. 

1 00.000 
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TABLE  F  -138 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

steam  reformer  feed”--  C6HIA  (Too  hol  c  a asY ah/Y”rYt io,  Y *(T 


ELEMENTAL  COMPOSITION 

C (ATOMS)  H( ATOMS )  O(ATOMS)  N2IHOLS) 

100*00  833.33  300.00  0. 


P ( ATH I 

CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

- 

T (DEG  F) 

KR 

KS 

KC 

ft! 

H20 

C02 

CH4 

CO 

H2 

N2 

TOTAL 

MDLS 

HOLS 

MDLS 

MOLS 

MOLS 

MDLS 

MOLS 

MOL  PC  MOL  PC  MOL  PC  KQL  PC  HOL  PC  MOL  PC 

HOL  PC 

4,0000 

1403.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

1. 91736  00 

162.31 

42.38 

4.68 

52.94 

244.99 

0. 

507.30 

31.994 

8.353 

0.923 

10.436 

48.294 

0. 

100.000 

4.0000 

1600.00 

8.2139k  02 

8,24396-01 

4.0069E-02 

1.0889E  00 

165.36 

35.09 

0.45 

64.46 

250,41 

0. 

515.77 

.  _ 

32,060 

6.804 

0.087 

12.498 

48,551 

0. 

100.001 

4.0000 

1800.0C 

6.7984E  03 

6.08336-01 

B.3445E-03 

7. 7356E-01 

170.43 

29.62 

0*05 

70.32 

246. J4 

0. 

516*56 

32.994 

5.735 

0.011 

13.614 

47.647 

0. 

100.000 

4. 0000 

2000.00 

4.0014E  04 

4.75 16E-01 

2.2622E-03 

5.9379E-01 

174.50 

25.51 

0.01 

74.49 

242.14 

0. 

516.65 

_ 

33*776 

4.937 

0.002 

14.417 

46.868 

0, 

100*000 

4.0000 

2200.00 

1.8036E  05 

3.8864E— 01 

7.5373E-04 

4,  8061E-0 1 

177,60 

22.40 

0.00 

77.59 

239.06 

0. 

516.66 

34,374 

4.336 

0.000 

1 5  •  0  i  9 

46.271 

0. 

100.000 

6.0000 . 

400.00 

7.9414E-12 

2.071  IE  02 

4.0007E  09 

6.56056  Q9_ 

257.78 

21.11 

7B.B9- 

SUW  _ 

_ 1*10 _ 

XU.. 

35R.ft8 

71.829 

5.882 

21.982 

0  »OuO 

0.306 

0. 

100. QOU 

6.0000 

600 .00 

2.L990E-07 

3.1479E  01 

1.0438E  06 

2.2744E  06 

254.04 

22.97 

77.01 

0.02 

8.60 

0. 

362.65 

- 

70.053 

6.333 

21,236 

0,007 

2.372 

0, 

100.000 

6.0000 

800.00 

2 • 6585  E— 04 

9 ,02236  00 

3.7690E  03 

8,  87 74E  03 

241.56 

28.99 

70.56 

Q.45  . 

33.99 

. _ Q«. 

375.55:  __ 

64.322 

7.720 

18.787 

0.120 

9.050 

0. 

loo.oon 

6.0000 

1000,00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

1.5I21E- 02 

217711 

39.35 

56.46 

4.  10 

66.63 

0. 

403.74 

-  ... 

-  - 

_ 53.775 

9.747 

13.985 

1.037 

21*457 

0. 

100.000 

6.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  DO 

8,06696  Q£_ 

186.39 

_  4&i4t0__ 

20 , 00 

.-JU_ 

_ 451*07 _ 

41.323 

10.288 

7.272 

4.610 

36.507 

0. 

100.000 

6.0000 

1400.00 

6. 36 97 E  "01 

T.2081E  00 

2o  73O6E-01 

1.4568E  00 

”166.21 

‘‘42.3V 

8.52  ' 

49.18 

233.42 

0* 

499.63 

.  - - - 

__ 33.267 

8.468 

1.705 

9.842 

46.718 

0* 

100-000 

6.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

7.376BE-01 

165.87 

35.12 

0.98 

63.90 

240,83 

_ 515  >70 

32.226 

6.823 

0.191 

12.415 

48.345 

0. 

100.000 

6.0000 

1800.00 

6. 7984 E  03 

6.0833E— 01 

8.  34456-03 

5.  1670E-01 

170.49 

2  9. “63 

0.12 

70,25 

245.93 

0. 

516.42 

_  .  . . 

33.QJ5 

5,737 

...  0.024 

13*603 

47.621 

0. 

100,000 

6.0000 

2000.00 

4.Q014E  04 

4.7516E-fil 

2.2622E-03 

3^9 5 9 BE -01 

174.5 1  _ 

_ a,.Q2_ 

74.47 

-2.42^  LL_ 

.  JU 

.  516.62 _ 

33.780 

4.937 

0.004 

14.415 

46-864 

0. 

100.000 

6.0000 

2200.00 

l  •  8036E  05 

3.8864E— 01 

7, 5373E-04 

3.2043E-01 

177.60 

22.40 

0.00 

77.59 

239.06 

0. 

516.66 

...  - 

34.375 

4.336 

0.001 

15.018 

46*270 

0. 

100.000 

12.0000 

_ 4QQ.00 

7.9414E-12 

2.0711E  02 

4.00U7E  09 

6.5840E  09 

257.94 

21.03 

78.97 

0.00 

0.78 

.  0- 

__3££.72 

71.906 

5.862 

22.015 

0.000 

0.217 

0* 

100.000 

12.0000 

600.00 

2.199CE-07 

3.1479E  01 

1.043  8E'  06 

2.3074E  06 

255.27 

22.36 

77.63 

0.02 

6.14 

0, 

361.41 

.  - 

70.632 

6.186 

21.479 

0.005 

1.699 

0. 

100.000 

12.COOO 

800.00 

2.65856-04 

9.0223E  00 

3.7690E  03 

9.2533E  03 

246.09 

26.81 

72.90 

0.30 

24.78 

0. 

370.87 

66.354 

7.228 

19.655 

0.081 

6,683 

0. 

100.000 

12.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  Ot 

1.5955E  02 

227.12 

35.10 

62.22 

2.68 

65. LI 

0. 

392.23 

57.905 

8.94? 

15.863 

0.684 

16.599 

0. 

100.000 

12.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

7.8753E  OC 

200.71 

42.68 

43.39 

13.93 

129.18 

0. 

429.89 

46.689 

9.928 

10.093 

3.241 

30.050 

0. 

100.000 

_ li_._OOQCL 

._A4££UPQ. 

6. 3697 E  01 

1>goaiE  Q0 

2.73Q6E-0L 

1.O580E  00 

176. 70 

41.78 

18.48 

39.73 

203. QQ 

_ CU_- 

_ 419^7  T _ 

36. 835 

8.710 

3.853 

8.283 

42.319 

0. 

100. DO j 

12.0000 

1600 • 00 

8 ,2139 E  02 

8.2439E-01 

4. 0069E-02 

3.  9787E— 01 

168.25 

35.22 

3.46 

61.32 

241.49 

0. 

509.74 

33.006 

6.909 

0.679 

12.029 

47.376 

0. 

100,000 

12.0000 

1600.00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

2.6102E-01 

I7D,a3 

29.65 

0.4fl 

_69*87 

244.88 

6, 

_ 

33.125 

5.750 

0.093 

13.549 

47.484 

0. 

100.000 

12. OoOO 

2000.00 

4.00L4E  04 

4.7516E-01 

2.2622E-03 

1.9833E-01 

174.57 

25.51 

0.08 

74.41 

241.93 

0. 

516.50 

33.799 

4.939 

0.016 

14,406 

46.840 

0. 

100.000 

12.0000  2200.00  1.8036E  05 

3. 8864E-01 

7.5373E-04 

1.6027E-01 

177.61 

0<Q2 

77.58 

^3JUQ2 

0. 

. -516 .63 

34.379 

4.337 

0.0Q3 

15.016 

46.265 

0. 

100.000 
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TABLE  F  -14 A 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER”  FEED  -  C6H14  <100  MOL  C  BASIS)*  STEAM/C  RATIO*  4.0 


ELEMENTAL  COMPOSITION 

C (ATOMS!  H ( ATOMS  J  OIATOHSI  N2 1  HOLS ) 
100.00  1033.33  400.00  0. 


CONDITIONS  AND 

EQUILIBRIUM 

constants 

equilibrium 

PRODUCT 

COMPOSITIONS 

PIATM) 

TtOEG  FI 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CU 

M2 

N2 

total 

MQLS 

MGLS 

HDLS 

HDLS 

MULS 

M0L5 

HOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

1.0000 

400.  o:- 

7 .9414E-12 

2.0711E  02 

4.0007F  f)9 

9.0817E 

Q9 

356.56 

. 

0. 

460.  n 

77.494 

4.721 

17.013 

u.000 

0.772 

0. 

100.00" 

I. 0000 

600.00 

2.1990E-07 

3.1479E  01 

1.D438E  06 

2.9166E 

06 

345. 16 

27.38 

72.55 

0.07 

26.40 

0. 

471.57 

73.195 

5*807 

15,385 

0*014 

5.599 

0. 

100.00-3 

1.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.0613E 

_Q4_ 

312.24 

43*16 

-5.5  *4iJU 

_  J^  43 

9  3  *.6  2 

0. 

608.86 

61.725 

8.532 

10.952 

0.284 

18.507 

0, 

100.003 

1.0000 

1000.00 

4.9018E-Q2 

3.7523E  00 

6.4774E  01 

2. 18 10E 

02 

263.48 

61.92 

25.40 

12.68 

202.37 

0. 

565.86 

46.563 

10.943 

4.489 

2.240 

35.764 

0. 

lOO.QO'J 

1.0000 

1200.00 

2-6875E  00 

1.9714E  00 

3.0042E  00 

3.0531E 

240.94 

61,9  3  . 

2.62 

3Su2Q 

269*99. 

D,  .... 

6 10,33 

39.438 

10.137 

0.469 

5.762 

44.194 

0. 

100. OO'' 

1*0000 

1400.00 

6.3697E  01 

1  .208  IE  00 

2.7306E-01 

1.4512E 

01 

247.57 

52.59 

0.  15 

47.26 

268. 79 

0. 

616.36 

40.  166 

8.532 

0.025 

7.668 

43.610 

0. 

100.000 

1.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

8.9757E 

oo 

255.39  . 

44.62 

o.ui_ 

-5.5_._31 

261*25 

6 .16.64  . 

41,417 

7.236 

0*00  2 

8.979 

42.366 

..... 

0. 

100. OOu 

. “1. 0000 

1800.00 

6. 7984 E  03 

6.0833E-01 

8.3445E-03 

6.2470E 

00 

261.58 

38*42 

0-00 

61.58 

255.08 

0. 

616.66 

42.419 

6.230 

o.ooo 

9.986 

41,364 

0. 

100*00  :■ 

I. 0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

4. 697  IE 

00 

266.41 

33*59 

JL-Oy _ 

46 *4 L _ 

2^0*26 

0, 

616.66 

43.202 

5.447 

0.000 

10.769 

40.582 

0. 

100.00- 

1.0000 

2200.00 

1.&036E  05 

3.8864E-01 

7. 5373E-Q4 

3.7444E 

00 

270.13 

29.87 

0.00 

70.13 

246.53 

0. 

616.66 

—  . 

43.806 

4.843 

o.ooo 

11*373 

39.978 

0. 

100.00‘J 

2.0000 

400.00 

7*9414 E- 12 

2 • 071 IE  02 

4.0007E  09 

9.Q995E 

09 

357.07 

21.46 

78.54 

0.00 

2.52 

0, 

459.59 

77.693 

4.670 

17.088 

0.000 

0.549 

0, 

10 0.000 

2*0000 

600.00 

'2.199GE-07 

3.1479E  01 

1.0438E  06 

3.Q109E 

06 

348*79 

25.58 

74.37 

0*04 

19.13 

0. 

467.92 

. 

— 

-  -  - 

-  - 

-  -  -  - 

74*540 

5.467 

15.894 

0.010 

4,  i89 

0. 

100.000 

2.0000 

800.00 

2.6505E-O4 

9.0223E  00 

3.7690E  03 

1.11716 

04 

323.49 

37.80 

61.29 

0.91 

70.60 

0. 

494.09 

65-472 

7.650 

12.404 

0.185 

14. 288 

6* 

100* QUO 

2.0000 

1000.00  " 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2*06236 

02 

281*07 

55.20 

36.07  , 

8.53 

163.05 

Q. 

544.12 

-  . 

51*656 

10.144 

6.666 

1.568 

29*965 

0. 

100.003 

240000 

1200. Ou 

2.6875E  00 

1.97141:  00 

^ * 0042L  00 

1.8639E 

01 

247.87 

60.47 

8.34 

31.20 

252. 11 

0. 

599.99 _ 

41,313 

10.078 

1.390 

5.199 

42*020 

0. 

'  100.000 

2 f 0000 

1400.00 

6j369?E  Qt 

1.2Q81E  Q0_ 

2. T306E— 0 1 

7.3589E 

OQ 

248.07 

52.53 

_ QjtOO  __ 

-  46*87 _ 267.40 

_ Q.« _ 

_ 

40.306 

8*535 

0.097 

7.615 

43-447 

0. 

100.000 

2.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

4.4928E 

00 

255.43 

44.62 

0*05 

55.33 

261*14 

0. 

616,57 

— 

.  41.428 

7*237 

O.OuB 

8.974 

42.353 

0. 

100.003 

2.0000 

1800*00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

3.1239E 

00 

261.59 

38.42 

0.01 

61*58 

255.06 

0. 

616.65 

42.421 

6.230 

0.001 

9.986 

41*363 

0. 

100*000 

2.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

2.3486E 

00 

266.41 

33.59  ’ 

0.00 

66*41 

250.25 

0. 

616.66 

43.202 

5-447 

O.OOO 

10.769 

40.582 

0. 

100.000 

2.0000 

2200.00 

1.8036E  05 

3.B864E-01 

7.5373E-04 

1. B722E 

00 

270.13 

29.67 

0.00 

70*13 

246,51 

_0t _ 

616.66 

43.806 

4.643 

o.ooo 

11-373 

39.978 

0. 

100.000 

4*0000 

400  .00“ 

7.9414E-12 

2*071 IE ”02 

“  4.000  7E~  09 

9.21226 

09 

357.44 

21.28 

78*72 

0*09 

1.79 

0. 

459.23 

_  _ 

77.835 

4.634 

17.142 

0.000 

0.390 

0. 

100.000 

4.0000 

600.00 

2. 1990E-07 

3*14796  01 

1.0438E  06 

3.0878E 

06 

351.46 

24.26 

75*71 

0*03 

13.78 

0. 

445^4 

75.543 

5.214 

16*274 

0.006 

2.963 

0. 

100.003 

4.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.1752E 

04 

332.33 

33.54 

65.87 

0.59 

52.59 

0. 

484*92 

68.534 

6.916 

13.584 

0.121 

10.844 

0. 

100*003 

4.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.0678E 

02 

297.34 

48.56 

_ 45*89 _ 

5.55 

.127.  54_. 

.  0* _ . 

524*88 _ 

56.648 

9.251 

8.743 

1  .058 

24. 300 

0. 

100.000 

4*0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1.3716E 

01 

260*45 

57.44 

17.89 

24.6t> 

220.43 

0. 

580.88 

44.837 

9.889 

3*080 

4.246 

37.948 

0. 

100*000 
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TABLE  F-14B 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

'STEAM  REFORMER  FEED  - T6Hl<r  I  iOO  MOL  C  BASIS )  •  STEAH/C  RAT  10*  4.0 


ELEMENTAL  COMPOSITION 

C ( ATOMS!  H(ATOMS)  O(ATOMS)  N2IM0LS) 

100,00  1033,33  400,00  0. 


CONDITIONS "AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOS ITICNS 

PtATHJ 

TIDEG  F) 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CO 

H2 

N? 

TOTAL 

mols 

MOLS 

MOLS 

mols 

MOLS 

HOLS 

MOLS 

HOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

4,0000 

1400.00 

6.3697E  01 

1.2081E  00 

2. 7306E-01 

3.  8728E 

00 

249.88 

52.32 

2.20 

45.47 

262.38 

C. 

612.26 

43.813 

8.546 

0 . 36  J 

7.427 

42.854 

0. 

loo.  oo:- 

4,0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

2.2562E 

00 

255.59 

44.61 

0.20 

55.19 

260,69 

0, 

616.27 

41.473 

7*239 

0.032 

8.956 

42.301 

o. 

100.00" 

4.0000 

1800.00 

6. 7984 E  03 

6.O833E-01 

8.3445E-03 

1.5628E 

00 

261.61 

38,42 

0.02 

61.56 

255.01 

0. 

616.62 

42.426 

6-230 

0.004 

9.983 

41.356 

0. 

1QU.00/ 

4.0000 

2000.00 

4.Q014E  04 

4.75l6t~01 

2. 2622E-03 

1.1744E 

00 

266.41 

33.59 

0.  Ou 

66.40 

250.24 

0. 

616*66 

43.203 

5.447 

0.001 

10.768 

40.581 

0. 

100,000 

4.0000 

2200.00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

9.3612E- 

-01 

270.13 

29.8? 

0.00 

70.13 

246.53 

0- 

falfc.66 

43.806 

4.843 

0.000 

11,373 

39.978 

6. 

100.000 

400.00 

7.9414E-12 

2.07 1 IE  02 

4.0007F  09 

9.U463E 

.01 

357.60 

21*20 ... 

„ZIU8Q 

flxOQ. 

1.46. 

0. 

-45  9^.'  b. 

77.898 

4.616 

17. 165 

0.000 

0.319 

0. 

100.00  1 

6-0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

3.1255E 

06 

352.67 

23.65 

76.32 

0.02 

11*35 

0. 

464.02 

76,003 

5.098 

16.448 

0.005 

2*447 

0. 

100.00 : 

6.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.769QE  03 

1.2082E 

04 

336.54 

31.50 

68.04 

_ 0,46 

. .44,05  . 

..  0^-  . 

70.027 

6.555 

14. 158 

0.095 

9.165 

0. 

100. OOj 

6-0000 

1000,00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.  1015c 

02 

305.79 

44.96 

50.75 

4.29 

109.37 

0. 

515.16 

59.358 

8.728 

9.851 

0.832 

21.231 

0. 

100,00 

6.0000 

1200.00 

2-6875E  00 

1.9T14E  00 

3.0042E  00 

91. 

269.56 

54.98 

24,54 

__20_,  49 

198,0  3.- 

-0, 

567.39 

47,493 

9.686 

4.323 

3-609 

34.889 

0. 

100.00-1 

6.0000 

1400.00 

6. 369 7 E  '6r 

_f.208lE~~00 

2.7306E-Q1 

2. 7747E 

00 

252.39 

52.02 

4.40 

43.58 

255.47 

o. 

607.86 

- - 

41.521 

8.557 

0.724 

7*169 

42.020 

0  • 

IQG.CiQv 

6.0000 

1600.00 

8* 2139 E  02 

8.2439E— 01 

4.0069E^02 

i.  5149 E 

00 

_^55.84  _ 

44,60 

O.s-44  . 

54*97  259.95  _ 

o. 

616*79 

41.546 

7.242 

0.071 

8.926 

42.214 

0. 

100.00  ■ 

6 . 0000 

1800.00 

6.7984E  03 

6*0833E-0l~ 

8- 3445E-03 

1.0427E 

00 

261.64 

36-42 

0.05 

61.53 

254*9 2 

0. 

616.56 

.  _ _ 

_ 

_ -  _ 

— 

42.435 

6.231 

0.009 

9.980 

41.346 

0, 

100, OO"' 

6-0000 

2000.00 

4.0014E  04 

4.7516E-01 

2- 262  2E-03 

83046- 

-01 

266.42 

33.59 

0.01 

66jf  40 

250.23 

_ 

_ 

43.204 

5.447 

0.001 

10.768 

40.579 

0. 

1Q0.00T 

6-0000 

2200.00 

1.8036E  05 

3^8864E— 01 

7.5373E-04 

6.24106- 

-01 

270. 14 

29.87 

0.00 

70.13 

246.53 

0. 

616,66 

43.806 

4.843 

0,000 

11.373 

39.977 

0. 

100. OO'j 

12.0000 

400.00 

7.9414E-12 

2.0711E  02 

4.0007E  09 

9.1098E 

09 

357-01 

21.09 

-18.91 

0.00 

.  i._.Q4 

0* 

45§.._15 _ 

77.981 

4.597 

17.197 

0.000 

0.226 

6. 

100.  OOL- 

12,0000 

600.00 

2.199QE-07 

3.1479E  01 

1.0438E  06 

3.1774E 

06 

354-28 

22.85 

77.13 

0.02 

8.12 

0. 

462.40 

76.617 

4.942 

16.691 

0.004 

1.757 

0. 

100.000 

12.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1-2607E 

04 

342.33 

28.68 

71.02 

0.30 

32.30 

0* 

474.63 

72.125 

6.043 

14.962 

0.063 

6  .  ac  6 

0. 

100,003 

12.0000 

" 1000,00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.1870E 

02 

318.21 

39.52 

57.73 

2.75 

83.00 

0. 

501.21 

63- 488 

7.886 

11.518 

0.548 

16.560 

0. 

100.000 

12,0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1.1395E 

01 

285,86 

50. 01 

35.87 

14.12 

159.07 

0. 

544.93 

52,458 

9.178 

6.582 

2.591 

29.191 

0. 

100. 000 

12.0000 

12.0000 

1600.00 

1000.00 

8 1  2L39E 

6.7984E 

02 

03 

8.2439E-01 

6.0833E— 01 

4.0069E-02 

8.3445E-03 

7.8538E-01 

5.2377E-01 

43.948 

257.  12 
41.918 

261.80 

8.567 

44.53 

7.259 

38.41 

1.963 

1.64 

0.268 

6.325 

53.83 

8.776 

61.37 

39.200 

256.27 

41.779 

23AM 

0. 

0. 

0. 

_ Ox 

100.000 

613.38 

100.000 

_ 616.23 

42.464 

6.234 

0.035 

9.959 

41.286 

0. 

10G.Q0> 

12.0000 

2000.00 

4.00 14 E 

04 

4, 7516E-Q1 

2. 2622E-0  3 

3.9182E-01 

266.45 

33,59 

0.04 

66*37 

250.15 

0. 

616.59 

43.213 

5.448 

0.006 

10.764 

40.569 

0. 

100.009 

i2.gooo_ 

_22gg.OO_ 

1.8036E 

05 

3.8864E-G1 

7.5373E-04 

3. 12106-01 

270.14 

_  £9.,  87 _ 

0*01 

246,-51 

.  616,-65 _ 

43.808 

4.843 

0,001 

11.372 

39.975 

0. 

100. OOC. 
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TABLE  F-15A 

PRGDuCT  COMPOSITIONS  FROM  HYDRCCARBQN  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  C6 H14  (  10 (TmQlTc  Ta$IS77  STE AM/C  RATIO,  5.0 


ELFMENTAL  COMPOSITION 

C I  AT  QMS  J  H ( ATOMS]  Q{ ATOMS  I  N2CHQLS) 

100.00  1233.33  500.00  0, 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P( ATM) 

H06G  H 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CD 

H2 

N2 

TOTAL 

HOLS 

HOLS 

MOLS 

HOLS 

MOLS 

HOLS 

HOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

1.0000 

400.00 

7.^41 4£-L2 

2 .071 IE  02 

4.0007E  09 

1.1679E 

10_ 

456.12 

-78.06 

0.00 

4.42 

0. 

560.54 

81,371 

3.914 

13.926 

0.000 

0.789 

0. 

100.003 

1.0000 

600. Of 

2.1990E-O7 

3.1479E  01 

1.0438E  06 

3.6759E 

06 

442.18 

28-88 

71.05 

0.07 

32.38 

0. 

574.56 

76.960 

5.026 

12.367 

0,012 

5.636 

0. 

100. ooo 

1.0000 

800 • Cv 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1-3606EL 

04 

403jA0 

47.72 

50,81 

1.47 

111.94 

0. 

615.04 

65.541 

7.758 

8.262 

0.239 

18.200 

0. 

100. 003 

1 *0000 

1000.00 

4,90 18E-02 

3.75236  00 

6.4774E  01 

3.1927E 

02 

349.45 

69.21 

IB. 65 

12.14 

229.91 

0. 

679,35 

51*438 

10.188 

2.746 

1.786 

33.842 

0. 

100.000 

1.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

_ 5.6  2  046  0  l  _ 

332.49 

68.96 

.  1*45 

29.59 

281.28 

0. 

713.77 

46.582 

9.661 

0.203 

4.146 

39.408 

J  • 

100.000 

1.0000 

140U.0P 

6.3697E  01 

1 .2081 E  00 

2.7306E-01 

2. 656 IE 

01 

340.31 

59.77 

0.06 

40.15 

276.21 

0. 

716.51 

47.495 

8.342 

0.011 

.5.604 

38.549 

0. 

100.000 

1,0000 

1600. OC 

8.2 139 E  02 

8.24396-01 

4. 0069E-02 

1.5877E 

01 

348.32 

51.69 

0.01 

48.30  268,34 

0. 

716.65 

48.603 

7.213 

0.001 

6.740 

37.443 

0. 

100.000 

1  *OiiOO 

1600.00 

6.7984E  03 

6.0833E-01 

8, 3445E-03 

1.0777E 

01 

354.82 

45.18 

0.00 

54.81 

261.85 

0. 

716.66 

— 

49.509 

6.305 

0.000 

7.649 

36.537 

0. 

100.000 

1.0000 

2000.00 

4.0O1AE  04 

4.7516E-01 

2. 2622E-03 

7-9600E 

00 

360.01 

39.99 

0.00 

60.01 

256.66 

0- 

716*66 

50.234 

5.581 

0.000 

8.373 

35.813 

0. 

100.000 

1.0000 

2200.00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

6.2645E 

00 

364.09 

35.91 

0.00 

64.09 

252.57 

0- 

716.66 

50.804 

5.010 

0.000 

8. 94  3 

35.243 

0. 

100.000 

2*0000 

400.00 

7.9414E-12 

2.071 IE  02 

4.000 7 E  09 

I.1767E 

10 

456.76 

21.62 

78.38 

0.00 

3.14 

0, 

559.90 

81.579 

3.861 

13.999 

0.000 

0.561 

0. 

LOO. 000 

2.0000 

600.00 

2.199CE-07 

3.1479E  01 

1.0438E  06 

3. 803  IE 

06 

446.58 

26.69 

73.27 

0.04 

23.56 

0. 

570.13 

78.328 

4.681 

12.851 

0.008 

4,132 

0. 

100.000 

_ 2.00  00_ 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.4161E 

04 

416.27 

41.40 

57.67 

0.94 

85.06 

0. 

601.33 

69.225 

6.884 

9.590 

0.156 

14.145 

0. 

100.000 

2.0000 

1000.00 

4.9O18E-02 

3.7523EOO 

6.4774E  01 

2.8192E 

02 

367.83 

61.84 

29.67 

8.49 

189.50 

0, 

657.33 

55.958 

__  .9.408 

4.513 

1-292 

28.829 

.0, 

100.000 

_ 2.0000 

200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

3.1626E 

01 

337.08 

67.71 

4.78 

27.51 

270.02 

0. 

707.10 

47.671 

9.575 

0.676 

3.891 

38.187 

0* 

100.000 

^IpQSlQQ 

_.1AQ0,£^ 

6.3697E  01 

1.2061E  00 

1.3376E 

QI 

340.58 

59.72 

11.30 

39.98 

275. 4B 

_ 0* 

47.563 

8.340 

0*042 

$.583 

38.472 

0. 

100-0 00 

2.0000 

1600.00 

8.2139E  02 

8.2439E-01 

*  4, 0069E-02 

7.9428E 

00 

348.34 

51.69 

0.03 

48.29 

268.28 

0. 

716.61 

-  -  -  - 

. . 

48,609 

7c2U 

_ 0.004 

6,738 

37.437 

0, 

100.000 

2.000Q 

1900.00 

6.T984E  03 

6.0833E-0 1 

B.3445E-03 

5.3890E 

00 

354.82 

45.18 

0.00 

54.81 

261.84 

Q. _ 

116.66 _ 

49.510 

6.305 

0.000 

7.648 

36.536 

0. 

100.000 

2.0000 

2000.00 

4.0014E  04 

4.75 16E-01 

2. 2 622 E- 03 

3.9800E 

00 

360*01 

39.99 

0.00 

60*01 

256.66 

0. 

7 16.66 

— 

..  -  — 

-  - 

50.234 

5.58L 

_  _G.000 

8.373 

35.81 3_ 

„  0_.  .... 

100-000  . 

_ _2.0pQ0. 

2200.00 

1.8036E  05 

3.8864E-01 

7*  5373E-04 

3.1322E 

00 

364.09 

3Sa91 

0.00 

64.09 

252.57 

_ a* _ 

716*66 _ 

50.804 

5.010 

0.000 

8.943 

35.243 

0. 

100*000 

4.0000 

400.00 

7.94 14 E- 12 

2.QT1  liFT)2 

4. 0007 E  09 

1.1623#' 

To 

""♦57*22 

21.39 

78.61 

”6.00  “ 

2*23 

’  0. 

“559.45 

.  _ 

-  .  — 

—  . 

81*727. 

3.824 

14.051 

0.000 

0.399 

o, 

100.000 

4.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

3.9097E 

06 

449,83 

25.07 

74.90 

0.03 

17.03 

_£U _ 

-566.86 

79.355 

4.422 

13.213 

0.005 

3.004 

0. 

100.000 

4.0000 

800.00 

2.6585E-04 

9.0223E  00' 

3.7690E  03 

1.4819E 

04 

426. 75 

36.32 

63.07 

0.60 

63.76 

0. 

590.52 

72.268 

6.151 

10.661 

0.102 

10.798 

0^. 

100.00 0 

_ 4. POOP 

lOOO.OC 

4.90 16E— 02 

3.7523E  00 

6.4774E  01 

2.7156E 

01 

385,90 

54.23 

40,13 

5.64 

150,50 

—  o, _ 

636.40 

60.638 

8.522 

6.306 

0.886 

23.649 

0. 

100-000 

4.0000 

1200.0; 

2.6875E  00 

1.9714E  00 

3.0042E  00 

2.0920E 

Oi 

347.44 

64. 7L 

12.15 

23.14 

244.92 

0. 

692.36 

50.182 

9.346 

1.755 

3.342 

35.375 

0. 

100.000 
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TABLE  F-15B 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

~$TEAN  REFORMER  FEED^-  C6H14  (  LOO  MOL  C  BASIS),  STEAH/C  RATIO,  5.0 
ELEMENTAL  COMPOSITION 

C I ATOMS )  H( ATOMS )  DIATOMS)  N2 { HOLS ) 

lOQ.Qu  1233.33  500.00  0. 


CONDITIONS  AND  EQUILIBRIUM  CONSTANTS  EQUILIBRIUM  PRODUCT  COMPOSITIONS 


PUTM) 

TIOEG  F) 

Kft 

KS 

KC 

RT 

H20 

CD2 

CH4 

CO 

H2 

N2 

TOTAL 

HOLS 

HOLS 

HOLS 

hqls 

HOLS 

HQLS 

HOLS 

MOL  PC  MOL  PC  KOI  PC  MOL  PC  MOL  PC  MOL  PC 

HOL  PC 

4.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2*  7306E-01 

6.8717E 

00 

341.63 

59.52 

1.15 

39.33 

272.74 

0. 

714.37 

47.823 

8.332 

0.161 

5.5J6 

38.179 

0. 

loo.oo-:- 

4.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

3.9804E 

Oc 

340.42 

51.68 

0.  10 

48.22 

268.04 

0. 

716.46 

48.631 

7.213 

0.014 

6.731 

37. 411 

0. 

100.000 

4.0000 

1800.00 

6.79B4E  03 

6.0833E-01 

8.3445E-03 

2.6953E 

00 

354.83 

45.18 

0.01 

54,80 

261.81 

0. 

716.64 

49.513 

6.3J5 

0.002 

7.647 

36.533 

0. 

100.000 

4.0000 

2000.00 

4.0014E  04 

4.7516E-G1 

2. 2622E-03 

1 • 990 IE 

Of! 

360.01 

39.99 

0.00 

60 . 00 

256.65 

0. 

716.66 

50.234 

5.581 

0.000 

8.373 

35.812 

0. 

ICO. ooo 

4.0000 

2200.00 

1.8Q36E  05 

3.8864E-01 

7. 5373E-04 

1.5&61E 

00 

364.09 

35.91 

0.00 

64.09 

252.57 

0. 

716.66 

50.804 

5.010 

o.ooo 

8.943 

35*243 

0. 

100.000 

6.0000 

400.00 

7.9414E-12 

2 .071 IE  02 

4.0007E  09 

1.1691E 

10 

457.42 

21.29 

7BW1 

-Q.00 

1.82 

..  0.  . 

559.24 

61.793 

3,807 

14.074 

0.000 

0.326 

0. 

100. OOj 

6.0000 

600.00 

2.199CE-07 

3.1479E  01 

1.0438E  06 

3.9614E 

06 

451.32 

24.33 

75.65 

0.02 

14.05 

0. 

565.37 

79.828 

4,303 

13.380 

0.004 

2.485 

0, 

100.000 

6.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.5216E 

04 

431.77 

33.88 

65.65 

0.47 

53.59 

585.36 

73.762 

5.788 

11.216 

0.080 

9.155 

0. 

100.000 

6.0000 

iooo.oo 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.7191E 

02 

395.56 

50.03 

45.59 

4.38 

129.93 

0. 

625.49 

63.240 

7.999 

7.289 

0.700 

20,772 

0. 

100,000 

6.0000 

1200.0  ' 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1.7918E 

JU_ 

356. 12. 

62.03 

18.15 

.■■■19,81 

224.24 

_ . 

fa 80. 36 

52.343 

9.118 

2.668 

2.912 

32.959 

0. 

100.003 

6.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2.73G6E-Q1 

4.7731E 

oo' 

343.20 

59.22 

2.42 

38.37 

268.63 

0. 

711.83 

46.214 

8-.  319 

0.340 

5.390 

37.738 

0. 

100.009 

6.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4*  0069E-02 

2.6636E 

00 

348.57 

51.66 

0.23 

48.12 

267.65 

0, 

716.JU  ... 

48.668 

7.213 

0.032 

6.718 

37,370 

0. 

100.000 

6.0000 

1800.00 

6.7984E  03 

6.0833E-01 

8, 344 5 E- 03 

I. 7977E 

00 

354.85 

45.18 

0.03 

54.79 

261.76 

0. 

716.61 

49.518 

6.305 

0.004 

7.646 

36.528 

0. 

100.00-j 

6.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

1.3268E 

00 

360.01 

39.9? 

_ Qt.O-fi-. 

60.00 

.  .0^ _ 

716*66 _ 

50.235 

5.581 

0.001 

8.372 

35.811 

0. 

100.000 

6.0000 

2200.00 

1.8036E  05 

3.8864E-Q1 

7.5373E-04 

1.0441E 

00 

364.09 

35.91 

0.00 

64.09 

252.57 

0. 

716.66 

50.804 

5.010 

0.000 

8.943 

35,242 

0. 

100.000 

12.0000 

400.00 

7  »9414£-  12 

2.071  IE  02 

4.0007E  09 

1. 1725E 

10 

457.69 

21.16 

78.84 

Q  ,-QD _ 

_ 1«29 

_ Q» . . 

558.98 _ 

81.879 

3.785 

14.105 

0.000 

0.231 

0. 

100.000 

12.0000 

60C.0O 

2 • 1990E-07 

3.L479E  01 

1.0438E  06 

4.0367E 

06 

453.30 

23.34 

76.64 

0.02 

10.07 

0, 

563.38 

...80*462 

4.143 

13.604 

0.003 

.  1,788 

0. 

100.000 

12.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.5876E 

04 

438.73 

30.48 

69.22 

0.30 

39.50 

0. 

578.23  _ _ _ 

75.875 

5.271 

11.970 

0.053 

6.831 

0. 

100. OQu 

12.0000 

1000. Ou 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.7848E 

02 

409.99 

43.60 

53.59 

2.B2 

99.50 

0. 

609.49 

67.267 

7.153 

3.792 

0.463 

16.326 

0. 

100.000 

12.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1 . 545 IE 

01 

373.13 

56.36 

29.50 

14.14 

1 84*53 

0, 

657.67 

56.736 

8.570 

4.485 

2.150 

28,059 

0. 

100. 000 

12-0000  1400. OC 

6, 3697E  01 

2.7306E-Q1 

2.81 76E 

00 

349.38 

5  7-  97 

_ 7.34 

34.69 

_25Z*6J_. 

JU _  _ 

49.770 

8,258 

1.046 

4.942 

35.985 

0. 

100.003 

12.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

1.3581E 

00 

349.31 

51.56 

0.88 

47.56 

265.60 

0, 

714.91 

48.860 

7.213 

0.122 

6.653 

37.152 

0. 

100,000 

12.0000 

1800.00 

6.7964E  03 

6.0833E-01 

8 ■ 3445E-03 

9.Q103E-G1 

354.94 

45.17 

0.11 

54,71 

261.50 

0. 

7 16.44 _ 

49.542 

6.305 

0.016 

7.637 

36.500 

0. 

100. OOJ 

12.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

6.6369E-01 

360.03 

39.99 

0.02 

59.99 

256.60 

0. 

716.63 

50.239 

5.581 

0.  003 

8.371 

35.806 

0. 

100. OOu 

l2?poqo_ 

2200.00 

l  •  80 36 F.  05 

3 . 8864E— 0 1 

7.5373E-04 

5.221GE- 

•01 

364.10 

35f  41 

_ 0.00  . 

_  -64_ij23 _ 

252,_16___ 

0. _ 

716.66 _ 

50.805 

5. DIO 

0.001 

8*943 

35.241 

0. 

100.00.' 
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TABLE  F-16 


PRCOLC I  COMPOSITIONS  FflGM  HYL  RtCAftBQN  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER'  FEED  -  C9 H 2 i/  ‘ ' ( Too" KDL~C~  BASTsYT  S TE AH /C "  R  A fTo~ lYo 


ELEMENTAL  CCMPCSITION 

CtATCMS)  HATCHS)  CIATCKS)  N2IMCLS) 

ltCi.CK  422.22  IGL.OC  C* 


CLNDII1GNS  AND 

EOLILIDRIUM 

CCNSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOS  1 1ICNS 

P(ATM) 

T I  DEG  F) 

KP 

KS 

KC 

RT 

H20 

CC2 

CH4 

CO 

t-2 

N2 

TOTAL 

MCLS 

MQLS 

KCLS 

MCLS 

MCLS 

MCLS 

HOLS 

MOL  PC  MOL  PC  HCL  PC  MOL  PC  MOL  PC  MOL  PC 

HOL  PC 

I  .llC-. 

1600.00 

8.213SE  02 

8.243SE-01 

4.O06SE-G2 

3. 54  36E-02 

_  ...2*71  _ 

1.06 

3.76 

95.18 

200.87 

C. 

3r  3 .58 

COALITIONS  LEAC 

TU  CAPE CN  FORMATION. 

0.892 

0.348 

1.240 

31.352 

66.168 

0. 

IOC. COG 

1  •  C  u  Q  J 

1800.0- 

6.7984E  03 

6.UB3 JE-0  1 

8. 3445L-0J 

0.438CF-03 

1.03 

0.30 

1.32 

98.38 

207.44 

0. 

308.46 

C.333 

0  .  OS 6 

u.429 

31.894 

67.249 

0* 

100.000 

1 .COCO 

20CO.OC 

4.00 14 E  04 

4.7516E-01 

2. 2622E-C3 

3. 1167 L- 01 

0.44 

0.  10 

0.54 

99*36 

209,59 

0, 

310.03 

0.142 

0.032 

6.174 

32.049 

67.603 

0  . 

100. COT 

l.COCO 

2200. OC 

1.8036E  05 

3.8864E-0I 

7. 5373E-04 

1.22 lfcE-03 

0*21 

0.04 

C.  25 

99.71 

210,39 

0. 

310.61 

<7.068 

C.013 

0.0  £  I 

32.101 

67,737 

0. 

10C.COC 

2.Ci0u 

1600  .0-1 

B.213SE  02 

8.2439E-01 

4.CC65E-02 

.  im 54  3CE-02 

5.C6 

1.98 

7.03 

90.99 

191.99 

0. 

297. C5 

CONDI r 

ICNS  LEAC 

TQ  CARE GN  FORMATION. 

1.7C2 

0.66  5 

2.367 

JO. 633 

64.634 

c. 

100.000 

2 .COCO 

18CO.OC 

6.7rSe4t  03 

6.U833E-01 

e. 3445t’CJ 

9.4J11E-0J 

2.  OC 

L  .58 

2.58 

96.84 

2C3.95 

0. 

305. S5 

0.654 

C.  189 

0*843 

31.653 

66.661 

0. 

10C.C0C 

2*COCKi 

20C0.0C 

4.O014E  04 

4,7516 1‘-0  1 

2.2622E-C3 

3. 1 1 520-03 

0.87 

0.20 

1.07 

98.73 

2G8. 10 

c. 

308.97 

0.282 

0.06  4 

0.346 

31.956 

67.352 

c. 

ldc.coc 

2  .  l£‘CC 

22CO.OC 

1.8036E  05 

3 .8864C-Q 1 

7.5372E-G4 

1.221 2E-03 

0.42 

C .  08 

C  .5a 

99.42 

2C9.69 

0. 

310*11 

U.136 

0,025 

a.  161 

32.C60 

67.617 

0. 

10C,Q05 

4.  LOGO 

16CC.0C 

8.2139C  02 

8.2439F-01 

4.0C6SE-G2 

J.  54  2CE-02 

8.95 

3.  5u 

12.44 

84.06 

177.27 

c. 

286.22 

CONDITIONS  LEAC 

TO  CARECN  FORMAT  I CN . 

3.126 

1.222 

4.348 

29.368 

6  1 . 9  J  6 

c. 

10C.C0C 

4.4.LOO 

I8CG.00 

6.79E4E  03 

6.H833E-01 

8. 3445E-C3 

9.4177E-0J 

3.81 

1.10 

4.92 

93.98 

197. 46 

0. 

301  .27 

1.266 

C  *  36  7 

1.633 

31*193 

65.541 

c. 

1CC.C0C 

4.CMOO 

2000. OC 

4.0C14E  04 

4*75 ltfi-O  I 

__  2.2622E-03 

_i.ll2JE-C3 

1.71 

0*39 

2.C9 

97.52 

2C5.2  L 

0. 

306.92 

0*557 

0.126 

0.682 

31.774 

66 • 8c  2 

c. 

ibc.cca 

4  •  CuG  0 

2200.00 

1.803CE  05 

3.8864E-01 

7. 5372E-04 

1.2206003 

0.84 

C.  15 

0.99 

98.85 

208*29 

c. 

309.13 

0.271 

C.050 

0.321 

31.979 

67  •  3lC 

c. 

100. COO 

o.tc-co 

i60a.DC 

. 8.213SE  02 

8.2439E-01 

4.0C6SE-02 

3.54 lCh-02 

12.06 

4.72 

_ 1_6 , 7  8 

78. 5? 

165.49 

0. 

277.55 

CONDITIONS  LEAC 

TO  C  ARE  GN  FORMATION. 

4.346 

1.7CC 

6.046 

2  8.23  4 

59.624 

G . 

10C-.C0'> 

6 .  C  vO  0 

1BC0.0-". 

6.7984E  03 

6.0833E-01 

8.3445E-C3 

S.4C 3CC-C3 

5.47 

1.59 

7.05 

91.36 

191. 54 

c* 

297. Cl 

1.840 

0.534 

2.374 

30.761 

64  *  49  1 

c. 

10G.C0C 

fc  *C OC  J 

2QC0.0C 

4 .00 14  E  04 

4 . 75 16E-0  i 

2.2622fc-03 

3.I094E-0  3 

2.51 

0.57 

3.08 

96.35 

2C  ?•  4 4 

c. 

304.95 

0.  824 

C*  186 

i.oio 

31.596 

66.384 

6, 

10G.CQC 

6.U’C0 

22CJ.OO 

J  .8036  E  _0 

_3t88 64^-01 

-J0312JC4I5-. 

.  _li£19SF-_C2. 

_  It  2*0 

...b-ZX 

1.57 

98. 30  . 

206*92 

0± 

3.08,16..  .. 

0.4C3 

0.074 

0.473 

31.898 

67.  14  6 

0. 

100. COC 

L 2  .  CaC 0 

16C0.0C 

8.213SE  02 

8.24  39E^Q  1 

4.0C6SE-02 

3.5386C-02 

18.65 

7.3C 

25.95 

66.75 

140.57 

0. 

259.22 

CONDITIONS  LEAC 

10  CARCCN  FORMATION. 

7.193 

2.816 

lr-.Ca9 

25.752 

54.229 

0. 

10C.GQ j 

12.CCQO 

1800. OC 

6-7984E  03 

6.U833E-C1 

8 • 344  5E-G3 

9.  369SOC3 

9,66 

2.82 

12. 4e 

8  4  V7C 

1_76.,50_ 

0 

286.16 

3.375 

0.985 

4.360 

2  9 .60 l 

£1.680 

0  f 

1 C C  .  C O'- 

1 2  •  CoG  u 

2oco.o: 

4.0Q14C  04 

4.75 lfcE-0  1 

2. 2622E-03 

i.  L01CE-03 

4.74 

l.ca 

5.82 

93. 1C 

194.7  i 

3  m 

299.47 

1.583 

0.36C 

1.943 

31.089 

65.C25 

c. 

100. COC 

12.C  GG'J 

2200.0C 

1.803CC  C5 

3.8S64E-01 

7 . 5  3  7  3  E-  C  4 

1.2179E-CJ 

2.42 

•J.4  5 

2.86 

96.69 

202. 9/ 

c. 

305.38 _ 

0.751 

U14  7 

C.938 

31.662 

66.463 

0, 

IOC .COO 

CALIFORNIA  RESEARCH  1 
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TABLE  F-17A 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  RE  FORMER  FEED  C9  H2  0  (  100  VolT  BASIS),  STEAM/C  RATIO,  2,0 


ELEMENTAL  COMPOSITION 

C (ATOMS )  H ( ATOMS ]  O(ATOKS)  N2(HQL$) 

100. OC  622.22  200.00  0. 


CONDITIONS  AND 

EQUILIBRIUM 

constants  ^ 

EQUILIBRIUM 

PRODUCT 

COMPOS  I  F lUN!i 

■ 

P  ( ATM } 

T ( DEG  F) 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CO 

H2 

N? 

TOTAL 

HOLS 

MQLS 

MOLS 

HOLS 

MOLS 

MOLS 

MOLS 

MOL  PC  MOL  PC  MDL  PC  MOL  PC  MOL  PC  HQL  PC 

MOL  PC 

-■■■JbOOQQ 

400.00 

7^1414  E-12 

2,Q1UE  02  4.Q007E  09 

3^a2ME_Q9 

.„22,.65_ 

77*35 

Q.00 

1.72 

0. 

256, 42_ 
100.000 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

60,329 

8.834 

30.164 

0.000 

0.672 

0. 

1.0000 

600.00 

2.1990E-0? 

3.1479E  01 

1.0438E  06 

1.2B81E  06 

148.96 

25.48 

74.45 

0.07 

13.25 

0. 

262  .22 

56.809 

9.718 

28.391 

0.027 

5  . 5  4 

0. 

100.003 

1.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

4.6652E  03 

131.22 

33.68 

64.90 

1.43 

..  5  Q ,  1.0  . 

17.808 

u* 

-  _ . 

lOC.OOu 

46.645 

11.972 

23.069 

0.507 

0* 

1.0000 

1000. OC 

4.90 18E-02 

3.7523E  00 

6.4774E  01 

7.7316E  01 

102,08 

42.32 

44.40 

13.28 

120.22 

0. 

322.31 

- 

31.673 

13.129 

13.776 

4.121 

37.301 

0. 

100.000 

1.0000 

1200.00 

2.6S75E  00 

1.9714E  00 

3.0042E  00 

5.7639E  OC 

.  7L-42_ 

36.62 

^4*Q5 

49.33 

205.60 

0, 

383.02 

20.214 

9.562 

3.667 

12.880 

53.678 

0. 

100.000 

1.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

2.1723E  00 

73.94 

27.24 

1.18 

71.59 

234.81 

0. 

408.75 

18.090 

6.663 

0.288 

17.513 

57.446 

o. 

100.000 

1.0000 

1600.00 

8*21396  02 

8.2439E-Q1 

4.0069E-02 

1.4601E  OC 

78.37 

21.72 

0.09 

78.19 

232.56 

0. 

410.93 

19.071 

5.286 

0. 022 

19,027 

56.594 

0. 

lGU.OOO 

1.0000 

1800.00 

6.7984E  03 

6.O833E-01 

8. 3445E-03 

1.0924E  00 

82.11 

17.90 

0.01 

82.08 

228.98 

0* 

411,09 

19.973 

4.355 

0.003 

19.968 

55.702 

0. 

100  ,00u 

1.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2. 2622E~03 

8.6348E-01 

84.87 

15.13 

0.00 

84.87 

226.23 

0. 

41i.ll 

20.645 

3.680 

0.000 

20.644 

55.030 

0. 

100.000 

1.0000 

2200.00 

1.0O36E  05 

3.8864E-01 

7*  5373E-04 

7. 1264E-QI 

86.91 

13,09 

0.00 

86.91 

224.20 

0. 

411.11 

21.140 

3.185 

0.000 

21.140 

54.536 

0. 

100.000 

2,0000 

400.00 

7.9414E-12 

2.0711E  02 

4.0007E  09 

3-9167E  09 

154.94 

22,53  . 

77.47 

0.00 

1.22 

0. 

Z56.i7 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

60.486 

8.794 

30.243 

0.000 

0.47? 

0. 

100.000 

2.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

1.3200E  06 

150.82 

24.56 

75.39 

0.05 

9.51 

0, 

260.34 

. 

57.934 

9.435 

28.958 

0.019 

3.654 

0. 

100.000 

2.0000 

300.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

4.9822E  03 

137.47 

30.81 

68.27 

0.92 

37.09 

0. 

274.56 

50,068 

11.220 

24.866 

0.336 

13.510 

0. 

ioo.ooo 

2.0000 

1000. OQ 

4.9018E-02 

3.7523E  00 

6.4774E  01 

8.2265E  01 

113.38 

39.05 

52.43 

8.53 

92. B8 

0. 

306.26 

- 

. 

37.020 

12.750 

17.118 

2.784 

30.328 

0. 

100.000 

2.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

4.8273E  00 

87.78 

37.41 

25.20 

37.39 

172.93 

0. 

360.72 

‘24* 336 ‘ 

10. '37  2 

6*985 

10. 365 

47.942 

o. 

ioo.ooo 

2.0000 

1400.00 

6.3697E  01 

1.2081E  OQ 

2.73066-01 

1.2QQ6E  00 

76,29 

27.74 

4.03 

Z2L 

2  2.6x  7  JL  . 

.  D.,  . 

_  .40  3  ,-05 

18.929 

6.882 

1.000 

16.929 

56.260 

0. 

IOO.OOO 

2.0000 

1600.00 

8.213SE  02 

6.2439E-01 

4.0069E-02 

7.3645E-01 

78.59 

21.77 

0.36 

77.88 

231. B1 

0. 

410.40 

19.150 

5.304 

0.087 

18.976 

56.483 

0. 

100.000 

2.0000 

1800.00 

6.79846  03 

6.G833E-01 

8.3445E-03 

5.4674E-01 

82a  13 

17.91 

0*04 

82.05 

228.89 

0. 

411.03 

19. 982 

4.357 

0*010 

19.962 

55.688 

C  ■ 

IOO.OOO 

2. 0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

4.3181E-01 

84.  88 

15.13 

0.01 

84.86 

226.22 

0. 

411.10 

20.647 

3.680 

0.002 

20.643 

55.028 

0. 

100-000 

2.0000 

2200.00 

1.8036E  05 

3.8864E-01 

7. 5373E-04 

3.5633E-01 

86*91 

13.09 

0.00 

86.91 

224, 20 

_  4*. 

41U11 _ 

21*140 

3.185 

0.000 

21.139 

54.535 

0. 

100.000 

A. 0000 

400.00 

7,94 14 E“ 12 

2 .071 IE  02 

4.0007E  09 

3.9033E  09 

155.12 

22.44 

77.56 

0.00 

J.87 

0. 

255.99 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

60.593 

8.765 

30.299 

0.000 

0.338 

0. 

100.000 

4*0000 

600.00 

2.1990E-07 

3.1479E  01 

i. 0438E  06 

1.3441E  06 

152,17 

23,90 

76.07 

_  0-P3 

6.80 

0* _ 

t.38.97 

58.760 

9.228 

29.373 

0.013 

2.626 

0. 

100.009 

4.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

5.2569E  03 

142.26 

28.57 

70.83 

0.61 

27.  19 

0. 

269.45 

52.798 

10.601 

26.287 

0.225 

10.089 

0. 

100.000 

4.0000 

1000.00 

4.90 18E-02 

3.7523E  00 

6.4774E  01  B.8U3E  01 

123..Q5 _ 35,75  _ 

80 _ 

5,46 

70*47 

.  293,12 _ 

41.922 

12.179 

20.031 

1.859 

24.009 

0. 

100,000 

4.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

4.5532E  00 

99.43 

37.16 

36.58 

26.26 

138.51 

0, 

337.94 

29.422 

10.995 

10.826 

7.770 

40.987 

0. 

100.000 

CALIFORNEA  RESEARCH 
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TABLE  F-178 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

S  TEA  MR  EFORH  E  R  F  EEcT”C9H2d  i  100  MOL  C  ~B ASlSiTTfiAM/C  RATIO.  TT6 
ELEMENTAL  COMPOSITION 

C ( ATOMS )  HIATQMS1  Of ATOMS)  N21M0LS) 

lOQ.GU  622.22  200.00  0. 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

compositions 

P(ATH) 

TtDEG  F) 

MR 

KS 

KC 

RT 

H20 

CQ2 

CH4 

CO 

H2 

N2 

total 

MOLS 

HOLS 

MOLS 

MOLS 

HOLS 

MOLS 

MOLS 

HOL  PC  MOL  PC  HOL  PC  MOL  PC  HOI  PC  MOL  PC 

MOL  PC 

4.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-0L 

7.7144E-01 

82.03 

28.83 

10,86 

60,31 

207.36 

0. 

389,39 

21.067 

7.403 

2.789 

15.489 

53.252 

0. 

100.000 

4.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

3.8057E-01 

79.42 

21.93 

1.35 

76.71 

228.98 

0. 

408.40 

19.447 

5,371 

0.332 

L8.7B3 

56.068 

0. 

100.000 

4.0000 

1800,00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

2.7446E-01 

82.24 

17.93 

0.  17 

81.91 

.228.54 

0. 

410.78 

20.0.20 

4.365 

0.040 

19.939 

55.636 

0. 

100.000 

4.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

2. 1604E-01 

84.90 

15.13 

0.03 

84.84 

226. 16 

0* 

411.06 

20.653 

3.681 

0.007 

20.640 

55.019 

0, 

100. 000 

4.0000 

2200.00 

1.6036E  05 

3.8864E-01 

7.537  3E-04 

1.7819E-01 

86.91 

13,09 

0.01 

86.90 

224.19 

0. 

411.10 

21.142 

3.185 

0.001 

21.139 

54.533 

0. 

100.000 

6.0000 

.400- 00. 

.3.9451^-05- 

155.20 

22. 4Q _ ZTjJlQ-.. 

_ O.DO_ 

.  .  0.71 

n. 

_ 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

60.647 

8.753 

30.324 

0.000 

0.276 

0. 

100.000 

6.0000 

600.00 

2.1990C-07 

3.1479E  01 

I.0438E  06 

1.3554E  06 

152^78 

23.60 

76,38 

0.03 

5.58 

0. 

258.36 

59.134 

9.133 

29.562 

0.011 

2,160 

0. 

100,000 

6.0000 

8QQ.Q0 

2.6585E-04 

9.0223E  00 

3- 7690E  03 

S.3963E  03 

144.50 

27.51 

72.01 

0.48 

22. SR 

0. 

267.08 

54.105 

10.300 

26.963 

0.178 

8.453 

o. 

100.000 

6.0000 

1000.00 

4.90  18E-02 

3.7523E  00 

6.4774E  01 

9.1632E  01 

127.89 

33.95 

61.84 

4.21 

59.55 

0. 

287.44 

44.492 

11.811 

21.513 

1.466 

20.717 

0. 

100.000 

6.0000 

1200.00 

2 . 6  8  75  E  00 

1.9714E  00 

3.0042E  00 

4.5436E  00 

106.11 

J6.43_ 

_  l2. 

20..  $9  . 

.119 UJA 

325.87 

32.568 

11.199 

13.079 

6.409 

36.745 

0, 

100. OOG 

6.0000 

1400.00 

6.3697E  01 

1.20B1E  00 

2.7306E-01 

6. 4995E-01 

87.17 

29.64 

16.80 

53.56 

190,34 

0, 

377.30 

23.091 

7.850 

4.451 

14.188 

50.420 

0. 

100.000 

6.0000 

1600.00 

8.21396  02 

8.2439E-01 

4.0069E-02 

2.6641E-01 

80.64 

22.18 

2.82 

75.00 

.  224-83 

0. 

405.47 

19.888 

5.470 

0.695 

18.498 

55.450 

0. 

100,000 

6.0000 

1800.00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

1.6417E-01 

82.41 

17.96 

0.37 

81.67 

227.96 

0. 

410.37 

20.082 

4.377 

0.090 

19.902 

55.550 

0. 

100.000 

6.0000 

2000.00 

4.0014E  04 

4.T516E-01 

2*  2622E-03 

1 . 441 8E-01 

84.92 

15.14 

9- 06 

84,80 

226.06 

0. 

410.99 

20.664 

3.683 

0.015 

20.634 

55.005 

0. 

100.000 

6.0000 

2200.00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

1. 1882E-0 l 

86.92 

13.09 

0,01 

86.89 

224.16 

0. 

411.08 

21*144 

3.185 

0.003 

21.137 

54.530 

0. 

100.000 

12.0000 

400.00 

7 . 9414  E— 12 

2 .071 IE  02 

4.0007E  09 

3 *95 32 E  09 

155*11 

22.35. _ 

77,65.  _ 

0,50 

255^81 _ 

CONDITIONS  LEAO 

TO  CARBON  FORMATION. 

60,712 

8.736 

30.356 

0,000 

0.  196 

0, 

100.000 

12.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

1. 370 IE  06 

153.58 

23.20 

76.78 

0.02 

3.97 

0. 

257,55 

.  -  _ 

59.630 

9.008 

29.812 

0  .007 

1.542 

0. 

100.000 

12.0000 

BOO. 00 

2. 6  5  85  E— 04 

9.0223E  00 

3.7690E  03 

5.5982E  03 

147.54 

26.07 

73.61 

0.32 

16.34 

0. 

263.89 

55.912 

9.878 

27.896 

0.121 

6.192 

0, 

100,000 

12.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

9.7456E  01 

134,81 

31.23 

66.04 

2.73 

44,22 

0. 

279.03 

. 

-  . 

48.315 

11.192 

23.668 

0.978 

15,846 

0. 

100.000 

12.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3. 0042 E  00 

4.6607E  00 

116.67 

34.75 

51.42 

13.84 

91.61 

0. 

3QB.28 

37.845 

11.271 

16.678 

4.489 

29.716 

0. 

ioo.ooo 

12.0000  1400.00 

4-3697E 

01 

1.20B1E  00 

2.73Q6L-Q1 

5.4868E-Q1  97^Q 

30.77 

,  j28,Ji7 _ 

40.66 

JJL&.12 _ 

0, 

353.97 

27.630 

8.692 

8.071 

11.488 

44*118 

0. 

100.000 

12.0000 

1600.00 

8.2139E 

02 

8.2439E’0l 

4.0069E-02 

1.6088E-01 

85.25 

23.05 

8.31 

68,64 

209,24 

0. 

394.49 

21.611 

5.044 

2.106 

17.399 

53.040 

0. 

100.000 

12.0000 

1800.00 

6.7984E 

03 

6 .0833E-01 

8. 3445E-Q3 

9.5180E-02 

83.26 

16.12 

1.40 

60. 48 

225, Oj  _ 

0. 

408.31 

20.396 

4.438 

0.343 

19.711 

55.113 

d. 

100.0QJ 

12.0000 

2000.00 

4.0014E 

04 

4.7516E-01 

2. 2622E-Q3 

7. 2504E-02 

85.08 

15.16 

0.24 

84.59 

225.54 

0. 

410.62 

20.720 

3.693 

0.059 

20.601 

54.927 

0. 

100,000 

. OOQO 

2200.00 

1.8036E 

05 

3.8864E-01 

7. 5373E-04 

5. 9484E-Q2 

86.95 

13±\Q 

JL,Q5 

86,85  224-05 

0. 

411.00 

21.156 

3.187 

0.013 

21.131 

54,513 

0. 

100.000 
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TABLE  F-18A 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  C9H20  (100  MOL  C  BASK  S) «  STEAH/C  RATIO,  3.0 
ELEMENTAL  COMPOSITION 

C( ATOMS)  H( ATOMS)  Q I  ATOMS)  N2IM0LS) 

100.00  822.22  30U.QC  0. 


CONDITIONS  AND  EQUILIBRIUM  CONSTANTS 
PIATN)  TtDEG  F )  KR  KS  KC 


EQUILIBRIUM  PRODUCT  COMPOSITIONS 
H20  CQ2  CH4  CO  H2  N2  TOTAL 

HOLS  MOLS  MQLS  HOLS  MOLS  HOLS  HOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 


„  1*0 000 

1.0000 


400.00  7.9414E-U  .2*07ilEJ)2  Jt.fljQLQIE  -Q5L—  6*40l5-E_Q9_.._-254*26. 

71.249 


600.00  2.1990E-07  3.1479E  01  1.0438E  06  2.0833E  06 

1.3962E  02 


1.0000 

1000.00 

4.90 1 8E-02 

3.7523E  00 

6.4774E  01 

i*QOQQ 

1200*00 

_2*6815E_jaO 

J,  *97I4£-JH1 

3.QQ42E  QO 

1.0000 

1400.00 

6.3697E  01 

1.2081E  03 

2.7306E-01 

1.0000 

1600.00 

8.213SE  02 

8.2439E-01 

4.ftQMEr02 

1,0000 

1800.00 

6.79  84 E  03 

6.0833E-01 

8. 3445E-03 

_ 1-0000,. 

2000.00 

4.0014E  04 

.  4t7  5,li,ErftJ_2.262L2Er0-3 

1.0000 

2200.00 

1.8036E  05 

3 .  B864E-*0 1 

7.53736-04 

_ 2 ,0000 

400^00 

7. 9414 E- 12 

2.071  IE  02  .  4,00 07F  09 

2. 0000 

600.00 

2.199CE-07 

3.1479E  01 

1.0438E  06 

2.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

2.0000 

1000. OC 

4.90  lftF-02 

3.7523E  00 

6.4774E  01 

2.0000 

.  1200.00 

JS.68  75E..OO 

1.9714E  00 

.,3,00426  00 

246*75 

67.249 


56. 120 


179.83 

40.473 


6.7587E  OO  157.55 
30.868 


.22*87.  . 

77*li 

_ 0.00 

2*6l 

0* 

.  -25.6*.  £6 _ 

6.409 

21.613 

0.000 

0*728 

0. 

100.00^ 

27.09 

72.84 

0.07 

19.60 

0. 

365.43 

7.414 

19.932 

0,019 

5.386 

0. 

100.000 

39. 2Q 

59.38 

72.16 _ 

Jk _ 

jy2^5 

9.990 

15.135 

0.363 

18.393 

0. 

100. OOo 

53.56 

33.39 

13.06 

164.50 

0* 

444.33 

12.053 

7.515 

2.938 

37.021 

0, 

100.000 

52*02.  _ 

6  a.  00 

9 

245.12 

XL*.  . 

499,11  __ 

10.420 

1.202 

8.414 

49.111 

0. 

lOO.OO-i 

42.80 

0.35 

56.85 

252.85 

0. 

510.41 

8.385 

0.069 

11.138 

49.539 

0. 

100.000 

3  5*4.2- 


32.197  6.943 


3.1322E  00 


169.99 

33.259 


34.068 

L77.25 

34.679 


30.01 

5.872 


5.063 


22.75 

4.452 


1.4021E  02  195.00 

45.919 


254.63 _  22*6.8. 

71.431  6.363 

248.48  25.73 

68.515  7.096 


35.Q1 

9.143 

48.23 

11.357 


59.812 


-P2.UE.ftl  ..5Q.-99. 

33.849  10.567 


2,  .0000 

2.0000 

2.0000 

2.0000 

.2.3000 

4.0UOO 

.  4-oooo_ 
4.0000 

4.0000 

4.0000 


1400. 

1600.00 

2000.00 

2_?OQ.Op, 

400.00 
_6go^.oc 
BOO. 00 

1000,00 

1200.00 


-6Jl169_7EJ21_L*2Qai£._Q0 _ 2.J3Q.6E.-Q1  ^ABBO^-QQ 

6.2139E  02  8.2439E-01  4.0069E-02  2.1858E  00 

4.0014E  04  4.7516E-01  2.2622E-03  1.2037E  00 

■  X_.lft3AE-.fl5  _  3 «.gft64E“0 1  7«53I3£-04  9.7449E-Q1 

7.9414E-X2  2.0711E  02  4.0007E  09  6.4735E  09 

2.1990E-07  3.1479E  01  \ -.04341.  06  2.1B6BE  06 

2.6585E-04  9.0223E  00  3.7690E  03  8.4626E  03 

4.90 18 E-^0 2 _ 3 * 7 5 2 3E_  QO  6.4774E  01  1.4536E  02 

2.6875E  00  1.9714E  00  3.0042E  00  8.4646E  00 


15B*5X_J»2*BL  . 
31.179  8.419 


164.62  35.49 

32.222  6.947 


33.262  5,873 


174.12 

34.068 

177*25. . 

34.679 

254.90 

71.560 

250,43.  . 

69.451 

235.94 

62.791 

208-38 

51.046 

176.59 

30.365 


25.88 

5.063 


22,75 

4.452 


22.55 

6.330 


24,74 

6.861 


31.73 

8.445 


43.06 

10,548 


48.62 

10.607 


0.005 

12.619 

48.236 

o. 

100.00'- 

0.00 

69.98 

241.11 

0. 

511.10 

0.001 

13.692 

47.175 

0. 

100.000 

_o,Qa._ 

236.99 

.  -  0*  . 

511*11. _ 

o.ooo 

14.502 

46.367 

0. 

100.00.r 

0.00 

77.25 

233.86 

o. 

511.11 

0.000 

15.113 

45.756 

0. 

10C.00O 

77.32  _Q*CL0. 

.  .  L*04._„ 

— Q, _ 

,316.48-  _ 

21.689 

0,000 

0.517 

0. 

100,000 

74.22 

0.05 

14.19 

0, 

362.67 

20.464 

0.013 

3.912 

0, 

100.00a 

64.07 

0.91 

53,91 

o. 

-38.2.96  _ 

16.731 

0,238 

14.076 

0. 

100.0O0 

43.23 

8.55 

129.66 

0. 

424.66 

10.179 

2.012 

30.532 

0. 

100.000  i 

14,32 

„  34-71  .. 

.  Oju _ 

.482.,5Q-_ 

2.965 

7.193 

45.426 

o. 

100.000 

1.34  _ 

.  _249-*-SLL_  . 

_jQ* _ 

50-8  ..44 _ 

0.263 

10.986 

49.152 

0. 

100. 000 

0.11 

64.40 

246.27 

0. 

51G.89 

0.021 

12,606 

48.204 

0. 

100.00'J 

0.01 

69.97 

241*09 

-.a* _ 

_ 

0.003 

13.691 

47.171 

0. 

100.000 

0.00 

74. 12 

236,98 

0. 

511.11 

0.000 

14.502 

46. 366 

0. 

ioo.oo:- 

0,00  _ 

-  17.22 

233*86—. 

_ 

.  511*11 _ 

0.000 

15.113 

45.756 

0. 

100.000 

77.45 

0.00 

1*31 

0. 

356.21 

2,1.743 

0.000 

0.367 

0. 

100  ,ooc 

75,22 

0,03 

_ 10. 18,  - 

-  £* _ 

.36.0*66 _ 

20.B58 

0.009 

2.822 

0. 

100.009  { 

67.63 

0.59 

39.82 

0. 

375.76 

18.010 

0.158 

10.596 

0. 

100,000 

51.44 

5,50 

99.04 

0*. 

403*23. 

12.601 

1.347 

24.458 

0. 

100.000 

25.41 

25.76 

183.70 

0. 

460.28  !| 

5.521 

5.597 

39.909 

0. 

loo.ooo  ; 
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TABLE  F-18B 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT 
STEAM  REFORMER  FEEO~-  C9H20  flcTo™ MOL  C  ll  Hfl S) 7 
ELEMENTAL  COMPOSITION 

C (ATOMS)  HI  ATOMS )  0(ATGH5»  N21M0LSI 
100*00  822*22  300.00  0. 


EQUILIBRIA 
STEAH/C  RATIO,  3.0 


CONDITIONS  ANO  EQUILIBRIUM  CONSTANTS 
PUTMJ  T(DEG  FI  KR  KS  KC 


RT 


4 .0000 

.1400.00 

6.3697E 

_01__ 

1 .208  IE  00 

_^,7306E-Q1 

-liAmUKL 

-141.10 _ iUt*fil_ 

32.205  8.526 

_A,5l  . 
0.899 

10.492 

24.Q«3S__. 

47.878 

4.0000 

1600,00 

8.2139E 

02 

8.2439E-01 

4.0069E-02 

1.1035E  00 

164.92 

32,322 

35*51 

6.958 

0.43 

0.084 

64.07 

12.556 

245*33 

48.080 

>.*0000 

1800.00 

03„_ 

6 -0833E-Q 1 

8.3445E-Q3 

7*  8416E-Q1 

170.03  3Q.02 

33.274  5.874 

_ QaQJL _ 

o.oio 

.69.93  . 
13.685 

240.^91 

47.156 

4,0000 

2000.00 

4.0014E 

04 

4.75 16E-0 1 

2.2622E-03 

6-0197E-01 

174.13 

34.070 

25.88 

5.063 

0.01 

0,002 

74.11 

14.501 

236.96 

46.364 

4.0000 

2200*00 

.  1.8036E 

05 

3.8664E-01 

7. 5373 E- 04  _ 

. -4.87_2J>E-01 

177.25 

JL2-I5 _ 

__O.GO_ 

77.24_ 

233.86 

EQUILIBRIUM  PRODUCT  COMPOSITIONS 
H20  C02  CH4  CO  H2  N2 

HOLS  HOLS  HOLS  MOLS  HOLS  MOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 


u. 

0. 

0. 

o. 

0* 

0. 

0_. 

6. 


34.679  4*452  0.000  15.113  45.755 


TOTAL 
MOLS 
MOL  PC 

._50 2,09-_ 

100. 00 j 

510.25 
100. on^ 

.ugi _ 

100. ooc 

511.09 

100.000 

-  _ 

100.000 


_6JLOO.Ofi_  4JUUA&  ^a*14E- 12  Q7  UE  J12._  4 ,DQ  Jl2£_  0.9  - 
6.0000  600.00  2* 199CE-07  3.1479E  01  1.043BE  06 

_*uOQQO  _  J&flfttflfl-  Z.65A51.-.Q4 _ 9^ 

6.0000  1000.00  4.9018E-02  3.7523E  00  6.4774E  01 


-  6^4^769E..XL9-  -2J5£..02^  ..ZZ*A 9.._  7 7 . 5  L_ 

71.617  6.316  21.767 

2. 208 IE  06  251.38  24.29  75.68 

69.877  6.753  21.037 


64.231  8. 103  V8.626 


1.4943E  02  215.18 

53.773 


40.29 

10.068 


55.47 

13.862 


0-00 

0.000 


0.03 

0.007 


0.125 


4.24 

1.060 


1.07 _ 

0.300 


8.37 

2.326 


33--2Ll _ 

8.916 


84.98 

21.237 


0* 

0. 


._0* 

0. 


0. 

0. 


_3S6*09_ 

100.00 0 


359,75 
100.00 ) 


172,:i9_ 

100-000 


400.17 

100.000 


41.405 

10.525 

7.180 

4.670 

36.221 

0. 

100.00 J 

6.0000 

1400.00 

6.3697E 

OL 

1.2081E  00 

2. 73Q6E-01 

1.4675E  00 

165.48 

42.76 

8.23 

49.01 

229.17 

0. 

494.64 

33.454 

8.644 

1.665 

9.908 

46.329 

0. 

100.00J 

6,0000 

1600.00 

8.2139E 

02 

8.2439E-Q1 

4, 0069E-02 

165, 41_ 

35,53 

__D  ,94 

_.63,53. 

243.82 

..  £U _ 

509. 23„ 

32.483 

6-977 

0.  185 

12.475 

47-880 

0. 

ioc. oo ; 

6.0000 

1800.00 

6.7984E 

03 

6.0833E-01 

6.3445E-03 

5.2375E-01 

170.09 

30.02 

0.  12 

69.86 

240. 7B 

0. 

510-88 

33*295 

5.877 

0.023 

13-675 

47.131 

0. 

100,000 

6.0000  2000.00 

6.0000  2200.00  1.8036E  05  3.8864E-01  7.5373E-04 


34-074 


3.2486E-01  177.25 

34.680 


12.0000  400 .00  7.9414E-12  2.0711E  02  4*00076  09  6.4740E  09 _ 255.18 

71*692 


..25,83„._ 

5.064 

22.75 

4.452 

.22,41  . 
6.296 


Q«Dj2 _ 

0*004 

0.00 

0.001 

JtI-59 

21.799 


.14*  10. 

14.499 

77*24 

15.113 

0,00 

0.000 


236, 

46,360 

233.85 

45.754 

.  Q.76 

0,212 


__Q* _ 511..L2 

0.  100,00  :■ 


o. 

0. 


0,_ 

0* 


511.10 

100*005 

100.00; 


12,0000 

600.00 

2.1990E-07 

3.1479E 

01 

1.0438E 

06 

2.2372E 

06 

252.58 

23.70 

76.28 

0-02 

5.97 

0. 

358,55 

70*445 

6*610 

21.275 

0.005 

1.665 

0-  ' 

IOC.OQj 

12.0000 

600*00 

2.65856-04 

9.0223E 

00 

3.7690E 

03 

9.0341E 

03 

243.62 

2S.04 

71.66 

0.31 

24.18 

0,  . 

.  36I_.S3 

66.237 

7.623 

19.482 

0.084 

6.574 

0. 

IOO.OOj 

12.0000 

1000. OO 

4.9018E-02 

3.7523E 

00 

6.4774E 

01 

1.5719E 

02 

225.03 

36.12 

61-  15 

2.73 

63-78 

0. 

388-81 

57-876 

9.290 

15.727 

0.702 

1 6 • 4u  5 

0. 

100.000 

12.0000 

1200.00 

2.68756  00 

-J.-9714IL 

-00. 

3.0042E 

-Op 

JNJS225E_  qq  _ 

199*12 

43.42 

42*54 

14.04 

126.91 

„o*. 

426,03.  _ 

46.738  10.192  9.985 


3.295  29.789 


100.000 


JL,2_QfiLLQCL  -2*.J10A£r0.L  -  JL1  _42*29-  17L.9fl_ 

_ _  36.975  8.899  3.783 


U.Q9Q0  6,. 

12.0000  1600.00  0.2139E  02  8.2439E-Q1  4.QQ69E-02  4.0215E-Q1 

02^000  _.1800_._QQ_„] 


167.69 

33.242 


35.64 

7.065 


33.401  5.889 


12.0000  2000.00  4.0014E  04  4. 75166-01  2.2622E-03  2.0105E-01  174.19 

34.092 


25.88 

5.066 


L.8036E  Q5 _ 2,9&ME-JU_  _7,53^rQ4.  1^624 9E-01  ^171. 26  „  22,75  _ 

34.684  4.452 


3*33 

0*660 


39«_74  L99^47 _ _0*_ _ 

8-363  41.980  0. 


61.03  236.76 

12.099  46.935 


-J1..46 _ 69. 5  Q  239^78^ _ 

0.090  13.622  46.998 


0.08 

0.015 

Q«Q2- 

0.003 


74.04  236,76 

14.490  46.337 


0. 

0. 


0. 

0. 


-77.  .23-  J*33,81 _ Q* 

15.111  45.749  0, 


100*000 


504.45 
100. OOl 


510.95 

100.000 

511. OB 

100.000 
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TABLE  F-19A 

PRCDUCT  CQKPCS \  f  I QhtS  FROM  HYDROCARBON  STEAM  REFORMING  ANU  SHIFT  EQUILIBRIA 

s t e a m  re'forpTFf eeo  -  c 9 H20  ( loo oL~~c”5*sTs i~7  steak/c  raticT 47c 


ELEMENTAL  COMPOSITION 

ClATCHSJ  HCATCMSJ  C  t  ATOMS )  N2 1  HCLS I 

1CU.QC  1022*22  400.00  C. 


CCNCITIGN5  AND 

EQUL  IHRIUM 

CONSTANTS 

ECUILIftRILM 

PRODUCT 

CCKPCS I I I CNS 

PIATM) 

TIDEG  F ) 

KR 

KS 

KC 

R7 

H20 

CC2 

Ch4 

cu 

K7 

N  2 

total 

MCLS 

HOLS 

MCLS 

MCLS 

MCLS 

MCLS 

MOLS 

HOL  PC 

MQL  PC 

MCL  PC  1 

POL  PC  J 

HOL  PC  J 

POL  PC 

MOL  PC 

1  .0000 

400. OC 

7 .94 14  E- 12 

2 .07 1  IE  02 

4.0007E  09 

8.8695E 

09 

353.83 

23.09 

76.9JL 

0  ,0Q_ 

3 ,46 

0, 

4  57  *<_9 

77.375 

5.049 

16*819 

0.000 

0.757 

0. 

IOC. 000 

I.COOO 

600. Ou 

2.199CE-07 

3.1479E  01 

1.0438E  C6 

2.8562E 

Oc 

342.68 

28.63 

71.31 

0.07 

25.82 

0. 

468.50 

- 

73.144 

6. 11C 

15.220 

0.015 

5.511 

c. 

10C.C0C 

I.COOO 

aco.oc 

2.65B5E-Q4 

9.0223E  OC 

3.769CE  03 

1.0522E 

04 

310.26 

44.15 

54. 4C 

1 .45 

92.05 

0. 

502.31 

61.767 

8.709 

K.831 

0.289 

18,325 

0. 

10C.00C 

1.^00? 

1000.00 

4  .90 1£  £-02 

1.7523E  00 

6.4774E  01 

2.1B69E 

02 

262.22 

62.55 

24.77 

12.67 

199.35 

0. 

561.57 

—  -  . 

*  - . —  ■  ■  ~ 

- 

46.694 

1 1. 139 

4.411 

2.257 

35.499 

0. 

1CC.C0C 

l.COOO 

1200. OC 

2.6875E  00 

1.9714E  OQ 

3.CQ42E  OC 

i.lJlCE 

01 

240.39 

62.36 

2.75 

34. 9C 

265.22 

0. 

605.61 

39.694 

1C. 296 

C.454 

5.762 

43.794 

c. 

100. OOC 

i.tuab' 

14C0V0C” 

6. 369 7 E  01 

1.2081E  00 

2.73Q6E-01 

1.4768E 

01 

247.12 

53.02 

0*15 

46.83 

263.69 

0. 

610.82 

— 

40.458 

8.681 

n.024 

7.667 

43.171 

0. 

100. COO 

1  *  cooo 

1600. OC 

8.2139E  02 

8.2439E-0 1 

4.0069E-Q2 

9.1297E 

or 

254.95 

45.07 

0.01 

64.92 

256.14 

0. 

611.09 

41.720 

7.375 

0.0C2 

8.988 

41.916 

0. 

100.000 

lVCOQO 

18C0.0C 

6  •  7  9  84  E  0  3 

6.0833‘E-OT 

S. 3445 E-0 3 

6.3522E 

oc 

261.14 

38.86 

C.OC 

61. 14 

249.96 

0. 

611,11 

- - 

_  „ 

-  -  . . . 

42.733 

6.359 

c.oco 

10.005 

40.903 

0. 

100*000 

l.COOO 

20CO.OG 

4*00  14  E  04 

4 . 75 1 6E-Q  1 

2.2622E-G3 

4.7752E 

oc 

265.98 

34.02 

G.C^ 

65.9& 

245*13 

0. 

611.11 

43.524 

5.567 

0.000 

10.797 

40.112 

0. 

IOC. OOC 

i.cooo 

’  220070C 

I.SG36E  05 

3*88646-01 

7.5373E-04 

3.8063E 

oc 

269.72 

30*28 

0.00 

69.72 

241.39 

0. 

611.11 

— 

.  - 

44.136 

4.955 

0.000 

11.409 

39-500 

0. 

100.000 

2  .Coco 

4C0.0C 

7 • 94 14  E- 12 

2  .071  IE  02 

4.0007E  09 

8.6713R 

09 

354.33 

22.84 

77. 16 

o.oc 

2.46 

0. 

456.78 

77.570 

4.999 

16.893 

0.000 

0.538 

0. 

100. OOC 

2.C00Q 

6do7bc 

2.199CI-07 

3.1479E  ~0'i 

~T7043EE"b6 

2.94  2  SE 

06 

346.23 

2  6.86 

73.09 

0.05 

18.69 

0. 

464.92 

. .  — 

— 

— 

-  ..  - 

- —  _ 

- 

74.471 

5.777 

15,722 

0.010 

4.020 

0. 

IOC. 000 

2. COOO 

600.00 

2.6585F-04 

9.0223F  OC 

3.769CE  03 

1.1042E 

04 

321*35 

38.86 

60.21 

0.93 

69.33 

0. 

490.68 

65.491 

7.919 

12.271 

0.189 

14. 129 

0. 

100. OOC 

2.CO00 

100DT0C" 

‘  4.9CieE-02" 

3 « 7523E  OC 

6.4774E  01 

2.05 96E 

'02 

279.54 

5  5  m 9 5 

35.49 

8.56 

160.59 

0. 

540.13 

— 

-  . 

- - 

- - - 

. . 

- -  _  . 

_ 

51.755 

10.358 

6.571 

1.586 

29.731 

0. 

100.000 

2. COOO 

1200. CO 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1.8647E 

01 

247.10 

60.94 

8.04 

-31.02 

247.93 

0. 

595.03 

41.527 

10.242 

1.351 

5,213 

41.667 

‘6*  " 

IOC. OOC 

2. COOO 

1400.00 

6.3697  E  01 

1 .206 IE  00 

2.7306E-01 

7.4849E 

oc 

247.60 

52*97 

0.57 

46.46 

262*36 

c*_. 

609.97 

40.593 

8*684 

0.094 

7.616 

43.013 

0. 

IOC. COO 

2 ■ C  00  0 

1600. OC 

8.213SE  02 

“8.2439E-01 

4.OO69E-02 

4. 569  7 E 

OC 

254*98 

45.06 

0.05 

54.89 

256*03 

0. 

611.02 

_ 

-  -  - 

,  — 

~  -  -  -  - 

41.731, 

.  7.375 

o.ooe 

8.983 

41.903 

0. 

100.000 

2. COOO 

1800.00 

6.7964E  03 

6.0833E-01 

8. 3445E-03 

3.1 765E 

OC 

261.15 

38.66 

0.01 

61.14 

249.95 

0. 

611.10 

42.734 

6*359 

0.001 

10.004 

40.902 

c. 

IOC. OOC 

2. COOO 

2000.00  ' 

"4.00 14 E  04 

4.751 6 Ml" 

2. 2622 E-Q 3 

2.3877E 

00 

265.98 

34.02 

o.Ov 

65.98 

245*13 

0. 

611.11 

„  .  .. 

— 

- - 

— . 

43.525 

5.567 

0.000 

10.797 

40.112 

0. 

IOC. OOC 

2. COCO 

2200. OC 

1 .8036 E  05 

3.8364E-01 

7. 5373E-04 

1. 903  IE 

oc 

269.72 

30.28 

0.00 

69.72 

241.39 

_ 0, _ 

6ix.-H _ 

44.137 

4.955 

o.oco 

11.409 

39.500 

0. 

lOC.OOO 

4.CoO 0 

4C0.QC 

T*94 14  E- \Y 

2.071 IE  02 

4.0007E  09 

8.9364E 

09 

354*68"  " 

'22.66 

77.34 

0.00 

1.74 

3  « 

456.43 

.  . 

__  .  . 

■  77.709 

4,964 

16.945 

o.oco 

0.382 

c. 

100. OOC 

4. COOO 

6CO.OG 

2.199CE-07 

3.1479E  01 

1.043EE  06 

3.0127E 

06 

348*84 

25.56 

74.41 

0.03 

13.45 

0. 

462*30 

75.459 

5.529 

16.095 

0.007 

2.910 

0. 

100*000 

4* t wOj 

800. OC 

2.6585E-04  “ 

'  9.0223‘FbC 

3.769CE  03 

1.  158  IE 

04 

330.07 

34.67“ 

64.73 

0.60 

51.57 

0. 

481.64 

.  _ 

68.530 

7.197 

13.440 

0.125 

10.708 

0. 

100. COO 

4.CGG0 

1000.00 

4.9016E-02 

3.7523E  00 

6.4774E  01 

2.05  BCE 

02 

295.58 

49.41 

44.99 

5.59 

125.54 

0. 

521.12 

56.721 

9.482 

8.634 

1.073 

24.090 

0. 

100. COO 

4* COCO 

1200. OC 

2.6&75E  00 

1.9714E  00 

3.0042E  OC 

1.3794E 

01 

259.37 

58.01 

17.38 

24.62 

216.99 

0. 

576.36 

45.002 

10.064 

3.015 

4.271 

37.648 

0. 

100*000 
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TABLE  F-19B 


PKLCLUI  CCHPLSl  r  I  CMi  FFCP  HYlKICAHCUN  STCAM  REFORMING  AMO  SHIFI  EQUILIBRIA 

ST.AF  REFOfttCR  FFEP  -  C9H2  J  (  1'iG  PUL  C  HA S  J  $ ) *  SfEAM/C  RA1IG,  4*0 
ELEMENT AL  CUMPLSlTlEZh 

CtAitPS)  MAfCMS)  C(ATLPS)  N21MGL$> 

U 22.22  4CK-.CC  C. 


CCNC11I0NS  AND  tQUUMUUt'  CONSTANTS 
PIA1K)  I  {  D  EG  FJ  KK  KS  KC 


tODlllBRRH  PftCDUCr  CCHPQSITICNS 


4  .  i  j  ■ 

14C0.CT 

_  6*36976 

.01 

1  .2C81J  y'C 

2*7  30 tE^O 1 

3.93JCA 

0»- 

4  .  I. L 

16C0.C-. 

8.2 13  St 

02 

8 . 24  39E-01 

4.0369C-C? 

2.2945F 

01 

4*A.rC- 

18C0.0-, 

_ 6. 7 9 64 E 

03 

6  .083JE:;01„ 

8 .34456-0  3 

1.589CF 

DC 

4.c;-Cvj 

2GC0.(H 

4  *uC 14  E 

04 

4.751CE-C1 

2.2622E~C3 

1.1935C 

OC 

4.L  >00 

2200  .Or 

1.8C36E 

C  5 

3  .  8  864  E-j01__ 

7.5373E-04 

9.5^556- 

-01 

CH4 

CO 

1-2 

N? 

TOTAL 

HCbS 

KCLS 

HCLS 

KCLS 

MOLS 

r^c l  pc 

MCL  PC  POL  PC  1 

KOL  PC 

MOL  PC 

2.11 

45,12 

2  5  7.56 

0. 

606,89 

►  C  .  347 

7.435 

42.438 

0. 

100. OOC 

0.  19 

54.76 

255.61 

0. 

610.74 

r  C.031 

8.966 

41,352 

0* 

IOC. COC 

_ O.U  2 

61.12 

249.90 

0. 

611.06 

r  C  .  G*„  4 

10.022 

40.896 

c.” 

100. ooc 

O.OC 

65.98 

245.12 

0. 

611.10 

f  0 .OC  L 

10.796 

4G.11 1 

0* 

IOC.OOC 

o.o^ 

69,72 

241.39 

0. 

611.11 

i  o.oco 

1 1 , 4  C  9 

3*9  *  50 C 

0. 

100. OOC 

6 .  C  ilOLQ. 

4  C  U  m(jZ 

6  *  C  COO 

6CC.0C 

6  »  C  vGO 

800.0/ 

6. COCO 

looo, or 

6. ‘.LOO 

IZuJ.Ow 

6  •  l  u  U  v) 

14C0.CC 

6.C^C0 

1609  *00 

6 .  L  0  U  0 

1800*0 

6  .C  {/CO 

2000. OC 

6.C200 

22C0.0C 

12  .CfjOO . 

_ 4C0. 00 

l2.Ci.-00 

6lC • GC 

12.CJ-C9 

8C0  .LX 

12.C  ’.00 

1000. 9.: 

1 2 .  r  .  o  :- 

12  CO.  Ov 

l2.»-,.v-> 

1400. a: 

12.C:  C 

16C0.0L 

12_.(  vOJ 

laco.c- 

12.CLC-* 

2ooo  .or 

12.C/C9 

2 2 00.  IX 

3  *  14  79 1  Cl  1.043FE  06  3.0461E  06 

9.0223E  OC  3.769CC  03  1.1866E  Q4 

3.7523E  00  6.4774E  01  2.0876C  02 

1 *9  7 14£  OJ  3.0C42b  00  1.2426E  01 

1.2G81E  OC  2.7306E-01  2.8123E  CO 

8.2439E-01  4.0065E-Q2  1.5403K  PC _ 

6.0833E-01  B.3445E-03  1.06C2E  OC 

4*75 16E-Q1  2.2622E-Q3  7.960fcE-01 


3,8B64E-0l  7 *  5373E-04  6.3441E-01 

? . 071 IE  02 _ 4* Q007E  09  8.9462C  09 

3.1479E  01  1.0438E  Ofc  3.091CE  06 

9*_G223C  00  3  +  769CE  03  1.23668  04 

3  *  7523  E  00  6.4774F  Cl  2.1656b  02 

1.9714C  00  3.0042E  OC  I.L37SE  01 


77.771 

350.03 

75.911 

334*21 

70-010 

303.92 

59.415 

268.31 

47.632 

251.75 

41.773 

255.37 

41*845 

261.19 

42.748 

265.99 


43.527 

269.72 

44.137 

355.05 

77.852 

351. 6C 
76.515 

339.90 

72.087 

316. 17 
63,522 

284,33 

*52.562 


_22. 

4*948 

24.97 

5.416 

32.66 
6.842 

45.se 

8.969 

55.6C 

9.870 

62.48 

B.7C8 

45.04 

7.381 

38. 66 
6.359 

34.02 


5.567 

30.28 

4.955 

22*47 

4.928 

24.  19 
5.264 

29.89 

6*340 

40.52 

8.142 

50.74 _ 

9'.  380 


_7.7 ■  42.  _ 
16.968 


75.00 

16.266 


66 . 8  7 _ 

14.QC8 


4  9.8: 
9.735 


23.91,  _ 

4.244 


77*53 

16.999 


75.79 

16.494 


69*80 

14.8C3 


56.69 

11.350 


_35  .J)8 _ 

6.484 


1400 .JO  6.3697C__0l  _1*2CB1E^  OC.  2*73QfcE-Ql  1.7999E  09  259.89  51.35  11.24 

44.152  8-724  1.91 

12*C:C.’  16C0.0L  3.2135E  02  8.2439E-01  4.006SE-C2  7.9759E-01  256.59  44.98  1.57 

42.204  7.398  0.25 

12_.  f  v  OJ  18C0.CC  6.7984E  03  6.U033E-O1  8.3445E-03  5.3247E-C1  261.35  38.86  0.21 

42.795  6.362  0.03 

12.CCC-*  2000. Of  4.CC14F  04  4.75UC-01  2.2622E-C3  3.9B33E-01  266.02  34.02  0.04 

43.535  5*567  O.IKj 

12.C-Z-C-7  2 2 GO.  IX  l.BOitt  05  3.8864E-01  7.537j£-04  3.1726E-01  269,73  30.28  0.01 


o.oco 

0.312 

C.03 

11.07 

0  *00  5 

2.4  J2 

C  *4  7 

43.17 

0.098 

9,042 

4*33 

IC7.6C 

0.846 

21.035 

20,52 

194,99 _ 

3*638 

34.616 

43.29 

250.91 

7.184 

41.634 

54.54 

254.91 

8.937 

41.769 

61.09 

249.81 

9,998 

40.885 

65.97 

245. 1L 

10,796 

40.1C9 

69.72 

241.38 

11*409 

39.499 

0.00 

1*01 

0,000 

0.221 

0.02 

7*92 

0*004 

1.723 

0.31 

31.61 

0.06  5 

*  6.705 

2,79 

81.56 

0,560 

16.387 

14,18 

156.62 

^2.621 

37.41 

" 28.953 

228,74 

6.355 

38,860 

256.59  44.98  1.57  53.45  251.38  0, 

42.204  7.398  0.258  8.792  41.347  0. 

261*35  38.86  0.21  60.94  249.35  Q. 

42.795  6*362  0.034  9.979  40.830  0* 

266.02  34.02  0.04  65.95  245.02  0. 

43.535  5*567  O.Ovjfc  10.792  40.099  0. 


269.73  30.28  0.01  69.71  241.36  0. 

44,139  4.955  0.001  11.4CB  39.497  0. 


461.11 

lOC.OOu 

477.37 _ 

IOC.OOC 

511.52 

100.000 

563.30 

1CC.C0C 

6C2.66 

100.000 

610.2.8 _ 

100. GOO 

611,01 

100. COO 

611  .C9 


IOC. 000 

611.11 

100. ooc 

456*06 
100. OOC 

459*52 

100. coc 

471.52 

100.000 

497*73 

10C.CQC 

54C.95_  _ 

100.000 


607.97 

100. coc 


611. C4 
iOC.OOC 

611. C9 
100. COC 
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TABLE  F-20A 


PRILLCT  CCP  PCS  I  T  ICKS  FSGK  HVLRCC  AR  P.OH  STEAK  REFORMING  AND  SHIFT  EQLI  L  IER  I  A 

STEAK  rtE  FORMER  FEED  -  C9H2G  (  lOO~MCJL  c”  U  AsTs77 "sTEAhTc”  R*T  ID  ,"  5 .  £■ 


ELEMENUU  CCKPCSITICN 

CCA  ICRS)  MATCMS)  CCAfLMSI  N21MCLS) 

lCu.DC  1222,22  5QC.QC  C. 


CLNClIICIsS  AND 

EQllLlAftlUP' 

CONSTANTS 

ECUtLltiRIOH 

PRODUCT 

CLMPCS  1 1  IONS 

PfATK  ) 

T ( CEO  FJ 

KK 

KS 

KC 

RT 

H2C 

CC2 

CH4 

CO 

b2 

N2 

TOTAL 

MCLS 

KQLS 

PELS 

MCLS 

MCLS 

MCLS 

HDL5 

KQL  PC  KGL  PC  MQL  PC  MOL  PC  I 

*0L  PC  KGL  PC 

KOL  PC 

1  .Ci-iig 

4Cu  a  -J 

.7,94HC^U- 

2.Q711E  02 

4.0GQ7E  OS 

1.13GSE  10 

453 *4C  - 

.26  Jt 

..  O.Q.O. 

4,31. 

0. 

557.71 

81.296 

4.178 

13.752 

u  •  GlC 

G.773 

0. 

100. ooc 

l.CirOO 

6co.or 

2.  199LE-07 

3.1479E  01 

1.043EE  06 

3. 61 1 ?E 

06 

439. 72 

30.10 

69.83 

0.07 

31.73 

0, 

571.46 

76*940 

5.268 

12.219 

0.012 

5.553 

c. 

100.000 

l.L«-00 

8  C  0  «0 

2,65sSt-04 

9.0223E  Oi, 

3.769CE  03 

1.3537E 

04 

401.  17 

48.67 

49.84 

1.48 

110.26 

c. 

611.42 

65.612 

7.961 

8.152 

0.243 

18.033 

c. 

10G.00C 

I  *  C  (,CU 

lOCO.Ot 

4‘.9C  ICE-02 

3.7523E  00 

6.4774E  01 

3.2169E 

02 

348,31 

69.80 

18.  1C 

12.10 

226.59 

0. 

674.90 

51.6C9 

10.342 

2,68? 

1 .79  3 

33.574 

Q. 

100, COO 

l.UO'j 

12CO. Cf 

2.6875E  00 

1 o 97 14E  OC 

3.0042E  OC 

5. 7 32  IE 

01 

332*03 

69.35 

1.38 

29.27 

276. 3i 

0. 

708.35 

46*074 

9. 7S0 

0.195 

4.133 

3  9  •  0  ■*.  9 

0. 

100. ooc 

l.Ci-CO 

14 CO. 00 

6. 3 697 E  01 

1.2C81E  OC 

2. 73066*01 

2.  7102E 

01 

339.88 

60.  19 

C ,  07 

39.74 

271.08 

c. 

710,97 

47.8C6 

8.466 

C.010 

5.589 

38.129 

0. 

100. OOC 

1  •  C  G  C  C 

160  .00 

8.21350  02 

8.2439E-01 

4. 006Sfc-02 

1.6188E 

01 

347.87 

52.14 

C.01 

47.86 

263.23 

0. 

711 .10 

48.920 

7.332 

0.001 

6.73  0 

37.C17 

0. 

100. COO 

I. Cl. CO 

1 800*01 

6 , 79  84  E  03 

6 . 0  033E-O 1 

8.3A45E-Q3 

1*0 983 E 

01 

354.36 

45.64 

c.oc 

54.36 

256.75 

0. 

711.11 

49.832 

6.4  18 

0.000 

7.644 

36. 1C  5 

0. 

100. ooc 

l.CCCO 

2C00.0C 

4.0014F  04 

4.7516E-01 

2. 2622E-03 

0.1O95E 

CO 

359.55 

4C.45 

n,  oc 

59.55 

251.56 

c. 

711.11 

50.562 

5.688 

o.oco 

8.375 

35.375 

c. 

100.000 

1  •  0 1;  0  0 

22C0.0C 

1 . 8C  3d  E  05 

3.8864E-01 

7 • 5373E-04 

6.3807E 

oc 

363,65 

36.35 

0.00 

63,65 

247.46 

0. 

711*11 

51,138 

5.112 

0.000 

8*951 

34.799 

0. 

100. OOC 

2  •  C  oCC 

4CO.OC 

7.9414E-12 

2.07UE  02 

4.00075  05 

1.1 3360 

1C 

454.02 

22.99 

77.01 

0.00 

3.06 

0. 

557.09 

81.499 

4.  126 

13.824 

0.000 

0.550 

0. 

100. COO 

2  .COCO 

600. oe 

2.199CE-07 

3.14796  Oi 

1.043CE  06 

3.7276E 

06 

444.05 

27.95 

72,00 

0.05 

23.06 

0. 

567.11 

78. 301 

4,929 

12.696 

0.008 

4.066 

0. 

100. OOC 

2.CGOO 

8C0.0G 

2.65fi£E-04 

9.0223E  OC 

3.769CE  03 

1.4045E 

04 

414.18 

42.43 

56.62 

0.95 

83.69 

0. 

597.68 

69.276 

7.097 

9.470 

C.  159 

13.998 

0, 

100. OOC 

2.  COCO 

1000.00 

4 , 90  If  £-02 

3.7523E  GC 

6.4774E  Cl 

2.826SE 

02 

366.39 

62.56 

28.94 

8.50 

186.84 

0. 

653,22 

56,089 

9.576 

4.431 

1.301 

28.602 

c. 

100. COO 

2  *  C  0  C  0 

1 2  0  0  .  uo 

2.6875E  00 

1.9714E  OC 

3, 0042 C  OC 

3.2145E 

01 

336.44 

68,14 

4.58 

27.28 

265.50 

0. 

701.94 

47,930 

9.707 

0.653 

3.886 

37.824 

o;  * 

100.000 

2  .t  oO  "3 

1400. L-’J  _ 

6.J697E  Oi 

1 • 206 IE  00 

2.73C6E-01 

1.3644E 

01 

340.14 

60.14 

0*29 _ 

39.57 

270.39 

_  0, _ 

71C.54 

47*071 

8.464 

0,040 

5.569 

38.055 

0. 

loo, ooc 

2.CCCG 

16C0.0C 

B.2139E  02 

0. 2439E-01 

4.0C65E-02 

8.0986E 

oc 

347,89 

52.14 

0.02 

47.84 

263.1? 

c. 

711.06 

48.925 

7.332 

0.003 

6.728 

37.011 

0. 

IOC. OOC 

2  •  i  i/O'J 

lBOO.Oo 

6.7984E  03 

6.J833E-01 

8,34456-03 

5.4921E 

oc 

354.36 

45.64 

O.OG 

54.36 

256.74 

0. 

711. 1C 

49.833 

6.418 

0 .  OGU 

7.644 

36.1C5 

c. 

10G.0GC 

2  *  C  l*  C 1  j 

20G0.0C 

4.0C14E  04 

4.75UE-01 

2.2622E-03 

4.05486 

oc 

359.55 

40.45 

O.OC 

59.55 

251.55 

0. 

711.11 

50.563 

5.688 

0.000 

8.375 

35.375 

0. 

IOC .coc 

2»-«G00 

2200. OC 

1.8S36E  05 

3.8864E-01 

7.5372E-04 

3.  19C4E 

pc. 

363.65 

36.35 

0,00 

63.65 _ 

247.46 

0, 

7ii. n 

51.138 

5.112 

0.000 

8.951 

34.799 

c  • 

100, ooc 

4  •  C  C  0  0 

400  .oc 

7.94 14  £- 12 

2.07HE  02 

4.0007E  C9 

1.1268E 

1C 

454.47 

22.77 

77.23 

0.00 

2.17 

0. 

556.64 

81.645 

4.09C 

13.875 

o.oco 

0.390 

0. 

10C.00G 

4  «  lllOu 

oce^on 

2.1S9CE-07 

3.147SE  01 

1.0438E  Ob 

3 . 624  IE 

06 

447.25 

26.36 

73.61 

0.03 

16.69 

_0. _ 

563.90 

79.314 

4.675 

13.053 

0.0C6 

2.953 

c • 

10C.C0C 

4,  COCO 

80O.00 

2 .65856-04 

9.0223E  OC 

3.769CE  03 

1.4652E 

04 

424.53 

37.43 

61.96 

0.61 

62,67 

0. 

587.19 

72.298 

6.374 

10.552 

0.104 

10.672 

0. 

IOC .000 

4  l-OC 

looo.c; _ 

4  .90  If  E-OZ 

.  3 .75236  OC 

6.4774E  01 

2.7125E 

C2_ 

384.21 

55.06 

39.27 

5.67 

148.35 

0. 

-632.56 

60.739 

8.7C4 

6.2C9 

0.896 

23.452 

c. 

100, CCS 

4 .COCO 

1200. OC 

2.687SE  00 

1.9714C  00 

3.CC42E  Co 

2.U45E 

01 

346.50 

65.24 

11.73 

23.03 

241.14 

c. 

687.64 

50.389 

9 ,4ft  7 

1.7C6 

3.349 

35.068 

0. 

10C.C0J 
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TABLE  F-20B 


PRCDUCT  CQPPCS  IT  1QN$  FPCM  HYERCCArtBQN  STEAM  REFORM  IMG  ANO  SHIFT  EOULIPRIA 


STEAM  REFORMER  FEED  - 

C9H20  ( 1Q0  MOL  C  BASIS), 

STEAM/C 

RATIO,  5 

.0 

. - 

ELEMENTAL  COMPCSITION 

CIA? CHS 

)  hfATCMS)  ClATCMS)  N21KCLS)  ' 

Ho*  Jt 

122^ 

.22  500 

.OC 

c . 

CCNCIHCNS  AND 

EQUILIBRIUM 

CONSTANTS 

EtUILIBRlLM 

PRODUCT 

CCMPCS I T ICNS 

PlATfO 

UDEG  F) 

KH 

KS 

KC 

KT 

H20 

CC2 

CH4 

CO 

h2 

N2 

TOTAL 

HOLS 

HOLS 

KCLS 

KCLS 

MLL5 

KCLS 

HOLS 

HQL  PC 

MCL  PC 

MCL  PC 

MCL  PC 

MOL  PC  MOL  PC 

HOL  PC 

4.LCC0 

IACD.Ol* 

6.3697E  01 

1.2P81E  OC 

2.7306E-Q1 

1.0032C 

Oc 

341. 14 

59.95 

1.  1C 

38.95 

267.78 

C. 

708.92 

48.122 

8.457 

n.  155 

$.454 

37*772 

G. 

10C.COC 

4,CvjOG 

1600.00 

8.2135E  02 

8.2439E-01 

4.0C69E-02 

4.0582E 

OG 

347.97 

52.12 

O.U 

47.78 

262.95 

0. 

710.92 

48.947 

7.332 

''•OH 

6.721 

36.987 

0. 

100.00C 

4.COOO 

1800. OC 

6 • 79 8 A E  03 

6.U833E-01 

8. 3445E-03 

2. 7468F 

OC 

354.37 

45.64 

0.01 

54.35 

256.71 

0. 

711.  C9 

49.835 

6.418 

C.0C2 

7.643 

36 , 1C  2 

0. 

1 OG .090 

4,tv00 

20CQ.CC 

4.Q014E  04 

4.7516E-01 

2.2622E-03 

2.0275E 

OC 

359.56 

40.45 

0 .  OC 

59.55 

251,56 

0. 

711. li 

50.563 

5.688 

C  •  OCu 

8,375 

35.374 

0. 

100.000 

4  ,Cv»00 

2200  .Cl, 

1.8C36E  05 

3.8S64E-01 

7.5373E-04 

l. 5952E 

OC 

363.65 

36.35 

o.oc 

63.65 

247.46 

c. 

711*11 

51. 138 

5.112 

O.OC'J 

8.951 

34.799 

0. 

100. QOQ 

6.COOO 

4CG .00 

7.9414E-12 

2.0711E  02 

4.0C07E  G9 

1.1313E 

Oil. 

454.67 

ZZ.  67 

77.33 

1*78. 

556.44 

81.7C9 

4.073 

13.898 

o.oco 

0.319 

0. 

IOC .009 

6  .  LuGQ 

6C0.0U 

2.199CE-07 

3.1479E  01 

1.043eE  06 

3.87C4E 

06 

448.7C 

25.64 

74.34 

0.02 

13.7  3 

0. 

562.43 

79*779 

4,558 

13.218 

0.0C4 

2.441 

c. 

100. OOC 

6, COCO 

800, OC 

2.658SE-04 

9.0223E  CC 

3.  769CE  C 3 

1.5Q1SE 

04 

429.48 

35.02 

64. 5G 

0.48 

52.63 

0. 

582.11 

73.780 

6.016 

11.081 

0.082 

9.041 

100. OOC 

6  *  COCO 

1000. Ol 

4.901EE-02 

J.7523E  OO 

6.4774E  01 

2.7105E 

02 

393.75 

50.92 

44.67 

4.41 

128.02 

0, 

621.77 

63.327 

8.169 

7.184 

C.710 

20.590 

0. 

100. CCC 

6. COCO 

1200. OC 

2.687SE  00 

1.9714E  00 

3.0042E  00 

1.8051E 

01 

354.96 

62.62 

17.61 

19.77 

220.92 

0. 

675.90 

52.520 

9. 265 

2.605 

2.925 

32.605 

0. 

100.000 

6 .CL  00 

I4c0 .OC 

6.3697E  01 

1.2081E  OC 

2.73Q6E-01 

4.8581E 

OC 

342.64 

59,66 

2.31 

38.03 

263.85 

0. 

706.49 

- 

__  48.499 

8.445 

0.327 

5.383 

37.346 

0. 

10C.C0C 

6.COQO 

1600. OC 

8.213SE  02 

8.2439E-01 

4.006SE-02 

2. 7153E 

or, 

348.11 

52.11 

C.  22 

47.68 

262.57 

0. 

710.68 

48.982 

7.332 

0.030 

6,709 

36.947 

100.000 

6. COCO 

1800. Ov 

6.7984E  03 

6.0833E-01 

8.3445E-03 

1.832CE 

CC 

354.39 

45.64 

0,03 

54.33 

256.67 

0. 

711.06 

49.840 

6.418 

0.0C4 

7.641 

36.097 

0. 

1OC.000 

6.CCOO 

2000.0'- 

4 .00 14 E  04 

4.7516E-0L 

2.2622E-03 

1.3516E 

00 

359.56 

4C.45 

C.CC 

59.55 

251*54 

0. 

711.10 

50.564 

5.686 

o.oui 

8.374 

35.374 

0. 

100.000 

6.0000 

2200 • OC 

1.8036 £  05 

3.8864E-01 

7. 5373E-04 

1.0635E 

OC 

363.65 

36.35 

o.oc 

63.65 

247.46 

0. 

711.11 

51.139 

5.112 

o.occ- 

8,951 

34.799 

0. 

ioc.ooo 

12. COCO 

AGO .OC 

7  *94 14  E- 12 

2.0711E  02 

4.000  7E  09 

1.1502E 

lG 

454.93 

22.54 

77,46 

0  .00 

1.26 

0. 

556.18 

81.794 

4.052 

13.928 

0.00  0 

0.226 

0. 

100.00C 

12 . C  o  CO 

600. OC 

2.199CE-07 

3.1479E  01 

1.0438E  06 

3.9363E 

06 

450.65 

24.67 

75.31 

0.02 

9.84 

o. 

56C.48 

80.4G3 

4.401 

13.437 

0.0C3 

1.755 

0. 

10G .000 

12 . CuCO 

8C0.0C 

2.6585E-04 

9.0223E  OQ 

3.769CE  03 

1.5626E 

04 

436.34 

31.67 

68.01 

u,3l 

38.74 

0. 

575.08 

75.875 

5.5GB 

11.827 

0.054 

6.736 

0. 

1QC.0CG 

12. COCO 

1000. OC 

4.901EE-02 

3.7523E  CC 

6.4774E  01 

2.7669E 

02 

408.00 

44,57 

52.57 

2.85 

97.96 

0. 

6G5-96 

67.331 

7.356 

8.676 

0.471 

16.166 

0, 

100-000 

12.CuC0 

1200.00 

2.6875E  00 

1.9714E  OC 

3.0C42E  00 

1.549CC 

01 

371.70 

57.07 

28.76 

14.17 

181.89 

0. 

653.58 

56.871 

8.732 

4.4C1 

2.16  7 

27.829 

c.  " 

loc.obc- 

12. COOP 

14C0.0C 

6. 3691 E  01 

l._2081E_  CC 

2.7306E-01 

2.8558E 

OC 

348.59 

58.46 

34.48 

248.41 

0. 

697. CO 

’  50.014 

8.388 

_ _ 

1.012 

4,94? 

35*639 

G. 

10G.COC 

12.COOO 

1600 . OC 

8 . 2 1 3 5 E  02 

e.2439E-01 

4.0069E-02 

1.3835E 

OC 

348.81 

52.02 

0.8  3 

47.  15 

260.63 

0. 

709.44 

- 

49.167 

7.332 

f.  117 

6.646 

36.7 37 

0. 

100.009 

12.COOO 

laco.G. 

6.7984E  03 

6.0333E-C  l 

8. 3445E-03 

9.1816E- 

01 

354.48 

45.63 

0.  11 

54*26 

256.42 

0. 

_ 110,89 

49.864 

6.419 

0.015 

7.633 

36.G7G 

G. 

10C.C0C 

12.C^00 

2CC0.0C 

4.wO 14 E  04 

4.7516E-01 

2.2622 £-03 

6.7615E- 

Cl 

359.57 

40-45 

0.02 

59.54 

251. 5C 

0. 

711.07 

50.568 

5,688 

C.Ot  3 

8.373 

35.369 

0. 

10C.0CC 

12.CC09 

2200  «0( 

I.8C36E  05 

3.B864E-01 

7.5372E-C4 

5.3175E- 

01 

363.65 

36.35 

O.OC 

63.64 

247.45 

c. 

711.10 

51.139 

5.112 

0.011 

8.950 

34.798 

0. 

100. OOC 
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TABLE  F-21 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CNH2N  ( 1O0  MOL  C  BASIS! ,  STEAM/C  RAT  10*  1.0 
ELEMENTAL  COMPOSITION 

C I  ATOMS )  H l ATOMS)  DIATOMS!  N2IM0LSJ 

100.00  400.00  100.00  0. 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOS  I T l ONS 

PIATH1 

TCOEG  FI 

KR 

KS 

KC 

RT 

H20 

CU2 

CH4 

GO 

H2 

N2 

TOTAL 

MOLS 

KOLS 

HOLS 

MOLS 

MULS 

MULS 

MOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

1.0000 

1600.0-1 

8.2139E  02 

8.2439E-01 

4.0069E-02 

3.4180C-O2 

2.57 

1.06 

3.63 

95.31 

190.18 

0, 

292.74  . 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

0.  877 

0.362 

1.239 

32.558 

64. 9g4 

0- 

100. CO 

1.0000 

1800.0'^ 

6.79B4E  03 

6.0833E-U1 

8. 3445E-03 

9. 1257E-03 

0.98 

C.30 

1-27 

98.43 

196.48 

0. 

297.45 

3.  328 

0.100 

0-428 

33.091 

66.954 

0. 

100.00 

1.GGQ0 

2000,3*. 

4.0C14E  04 

4.7516E-01 

2.2622E-03 

3.0177E-03 

0-42 

0.  lu 

■;-52 

99.38 

198.54 

0, 

298.96 

0.  140 

0.033 

0.  174 

33.242 

66.411 

0, 

100 • GOO 

1.0000 

2200,00 

1.8036E  05 

3.0864E-O1 

7.5373E-04 

1 • 1 838E— 03 

0.20 

0.3  4 

0.24 

99.72 

199.32 

0. 

299.52 

0.067 

0.013 

0.081 

33.293 

66,545 

0. 

IOC -00  *■ 

2.0000 

1600.0J 

8.2 139 E  02 

8.24396-01 

4.0069E-02 

3.4132E-02 

4.79 

1.98 

6.78 

91.24 

181.66 

0. 

286. h5 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

1.673 

0.693 

2-  365 

31.852 

63.417 

0- 

100.00, 

2.GCOO 

1800.03 

6.7984E  03 

6.0833E-Q1 

8.34456-03 

9.  1 15vE— 03 

1.90 

0.58 

2.48 

96.94 

193,13 

0, 

295. l 4 

0.645 

0-197 

0.841 

32.856 

65.461 

0, 

100.00: 

2.0000 

2000.00 

4.U0146  04 

4.75 166-01 

2.2622E-Q3 

3.O157E-03 

Q.  83 

0,20 

1.03 

98.78 

197,12 

0, 

297. 95 

0.278 

0.066 

0. 345 

33.152 

66.158 

0. 

mu.o*  , 

2.0000 

2200. OL 

1.B036E  05 

3.8864F-01 

7.5373E-04 

1. 1834E-03 

0.40 

0.08 

0.48 

99.44 

198,64 

0, 

299. ■_  4 

0. 135 

0.026 

0.161 

33.254 

66.425 

0, 

ioo.oo~ 

4.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

3.40446-02 

8.47 

3.52 

11.99 

84.49 

167,54 

0. 

276.01 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

3.069 

1.276 

4.  345 

30.639 

60,701 

-**• 

100. OCL 

4.0000 

1800.00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

9.0945E-03 

3.62 

1.11 

4.  73 

94.16 

186.91 

290.54 

1-247 

0.382 

1.629 

32.408 

64.334 

0. 

100.00.1 

4.0000 

2000.00 

4.00146  04 

4.75166-01 

.  2. 2622E-Q3 

3.0118E-0_3 

1.62 

0.39 

2.01 

97.60 

194.35 

0. 

295-97 

6.549 

0*131 

0.680 

32.976 

65.664 

0, 

100.009 

4.0000 

2200.00 

1.80366  05 

3.8864E-01 

7.53736-04 

1.  1825E-03 

0,80 

0.16 

0.95 

98.89 

197,30 

0. 

298.10 

0.267 

0.052 

0-319 

33. 175 

66,187 

0- 

iOG.OOC 

6.0000 

1600.03 

8.2139  E  02 

8.2439E-01 

4.Q069E-Q2 

_.3*  39666-02 

11*41 

4.76 

_16.  17 

79*07 

156,25 

0. 

267.66 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

4.263 

1.778 

6.042 

29.541 

58,376 

0. 

100.000 

6.0000 

1800.00 

6.7984 E  03 

6. 08336-01 

8.3445E-03 

9.07506-03 

5.19 

1.60 

6.78 

91.62 

181.24 

0. 

286.43 

1.812 

0.557 

2.  369 

31-987 

63,276 

0. 

100-00  ! 

6.COQ0 

2000.00 

4 . " 4E  04 

4,75166-01 

2*26226-03 

3. 0G80E-03 

2.39 

0.57 

2.96 

96.47 

191.69 

0* 

294.98 

0.812 

0.  i  94 

1*006 

32.804 

65.184 

0, 

100*00- 

6.0000 

220G.0. 

1*8036 

3,88646-01 

7.53736-0.4 

1.18176-03 

1,18 

0,23 

W*i 

98.36 

195.99 

0. 

.  297-17  . 

0.398 

0.078 

0.476 

33.097 

65.951 

c* 

100.00 . 

12.0000 

1600.00 

8.21396  02 

8.2439E-01 

4.0069E-02 

3-37736-02 

17.60 

7.41 

25,00 

67.59 

132.4 

0. 

249.99 

CONDITIONS  LEAD 

TO  CARBON  FORMATION* 

7.039 

2.963 

10.002 

27.037 

52.960 

0- 

lco.oo: 

12.0000 

18C0.00 

6.7984E  J33. 

6,O0336tO1^ 

_  5O445.C-03. 

9.ftZU£-_03L 

_  .Z^A. 

12.00 

65-15  . 

166*83 

0,,. 

^275.99 

3.319 

1*030 

4.349 

30,853 

60 • 443 

0. 

ItiG.OG, 

12.0000 

2000.00 

4.0014E  04 

4,75166-01 

2.2622E-03 

2.997CE-03 

4,51 

1.06 

5.59 

93.32 

184.31 

0. 

288.82 

1.561 

0.376 

1.936 

32.312 

63.815 

0, 

ioc.  oo*: 

L2.G00G 

2200.03 

1.8036E  05 

3.8864E-01 

7.5373E-04 

1.1792E-03 

2.30 

0.45 

2.75 

96-80 

192.20 

0. 

294.5V 

0,781 

0.153 

0.934 

32.869 

65.263 

0. 

100.000 
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TABLE  F-22A 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORHER  FEED  -  CNH2N  (100  MOL  C  BASIS),  STEAM/C  RATIO,  2-0 


ELEMENTAL  COMPOSITION 

C (ATOMS)  H{ ATOMS )  □ (ATOMS )  N2(M0US) 

100.00  600.00  200.00  0. 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

— 

PI  ATM) 

TIDES  FI 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CO 

H2 

N2 

TOTAL 

HOLS 

MQLS 

HOLS 

HOLS 

MOLS 

NULS 

MOLS 

MOL  PC  MOL  PC  MOL  PC  HOL  PC  HOL  PC  MOL  PC 

MOL  PC 

_ 1*0000. 

..400*00 

.1*9414  E-12 

2*Qmf  JD2 

4.Q0Q.7-E-  09. 

3*615 2£  .09 

149* 19 

25,40 

74.60 

Q.03-. 

_  U6i 

0. 

_ 250,^1 _ 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

59,486 

10, 128 

29.743 

0-001 

0.643 

0. 

100-000 

L .0000 

600-0. 

2.1 990E-Q7 

3.1479E  01 

1. 0438E  06 

1.2062E  06 

143. B1 

28.06 

71.87 

0.08 

12.46 

0. 

256.27 

56.117 

10.948 

28.044 

0.030 

4.861 

0. 

100-000 

1.0000 

eoo.oo 

2.6585E-04 

9.0223E  00 

3.7690E  03 

4.4545E  0^_ 

1.26.97 

35-77 

62j_74 

1*48 

_  47.55 

0* 

274.52 

46.252 

13.031 

22.856 

0.541 

£7.320 

0. 

100.00^ 

1.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

7.5300E  01 

99.20 

43.65 

42.85 

13.50 

115.10 

0. 

314.30 

31.562 

13.889 

13.634 

4.295 

36.621 

0. 

100.000 

1.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3tPQ4_2E  m 

5.  744M  P5 

7-5,94 

37.38 

13.33 

j49*29 

197*40 

0* 

373.35 

20.341 

10-013 

3.570 

13.202 

52,874 

0. 

100.000 

1.0000 

1400.00 

6.3697E  01 

1 .208 IE  00 

2.7306E-01 

2.2052E  00 

73.16 

27-93 

1.09 

70.98 

224.65 

0. 

397-82 

18.391 

7,020 

0.274 

17.843 

56.472 

0. 

100.000 

1.0000 

1600.00 

8.2139E  02 

0  *24396-01 

4.0069E-02 

1.48726  00 

.  72*72 

22.37 

.0*00 ,  „ 

71*55. 

_2.22.L2  ... 

J>. 

399,83 

19.437 

5.594 

0.021 

19.395 

55.553 

0. 

100.000 

1.0000 

1800.00 

6* 7984E  03 

6.0633E-0 1 

8*  3445E-03 

1.1140E  00 

81.51 

18.50 

0.01 

81.49 

218.47 

0. 

399.98 

20.379 

4.624 

0.002 

20.374 

54.620 

0. 

100.000 

1.0000 

2000.00 

4.0014E  04 

4 . 7516E~01 

2.2622E-Q3 

8- 8 i 32E-Q1 

84*33 

_  15.67  . 

0.00 

.64*33 

215.66 

a. 

400.00 

21.083 

3.917 

0.000 

21.083 

53.916 

0. 

100-000 

1.0000 

2200.00 

I.8036E  05 

3.0864E-O1 

7.5373E-04 

7. 2785E-0 l 

86.41 

13.59 

0.00 

66.41 

213.59 

0. 

400.00 

21.603 

3.397 

0.000 

21.603 

53.397 

0. 

100.000 

2.0CD0 

400.00 

7.94I4E-12 

2.07116  02 

4.0007E  09 

3.6119E  09 

149.43 

25.28 

74.71 

0.00 

1.14 

0. 

250-57 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

59.635 

10.091 

29.817 

o.oco 

0-456 

0. 

100.000 

2.0000 

600.00 

2-1 990E-07 

3.1479E  01 

1.0438E  06 

1.2325E  06 

145.56 

27.19 

72.75 

0.05 

8.93 

0. 

254.49 

57.198 

10-685 

26.588 

0.021 

3.508 

0. 

100.003 

2.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

4.7312E  03 

132.93 

33.05 

65.98 

0.97 

35.11 

0. 

268-04 

49.593 

12.331 

24.616 

0.361 

13.099 

0. 

100.000 

2.0000 

1000.00 

4.901BE-02 

3.7523E  00 

6.4774E  01 

7.96256  01 

110.01 

40.63 

50.64 

8-73 

88-70 

0. 

298,71 

36.829 

13-601 

16.953 

2.922 

29.694 

0. 

100-000 

2.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

4.7677EJK> 

85.80 

38.30 

24.10 

37.59 

166.00 

0. 

351.80 

’  24*388 

10.888 

6.851 

10.666 

47.186 

0. 

100.003 

2.0000 

1400.00 

6,36976  01  1.20816  Qfl.__2.  73Q6E-Q l  1.2128E  00 

2fU42 

_ _ 3*76 

-  61,82 

211*15._. 

0. 

392.48 

19.194 

7-242 

0.957 

17.279 

55,327 

0. 

100.000 

2.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.00696-02 

7.4972E-01 

77.92 

22.41 

0.33 

77.26 

221.43 

0. 

399.34 

19.511 

5.612 

0.082 

19.347 

55.448 

0. 

100.000 

2.0000 

1B00.0) 

6.7984E  03 

6,0833-6-01 

__8.  34456-03 

5.5753E-01 

81.54 

18.50 

0.04 

81*46  218.39 

0. 

399.92 

20.388 

4.626 

0.010 

20.369 

54.607 

0. 

100.000 

2.0000 

2000.00 

4.0014E  04 

4,75166-01 

2. 2622E-03 

4.  40726-01 

84.34 

15.67 

0.01 

84.32 

215.66 

0. 

399.99 

21.085 

3.917 

0.002 

21.082 

53.914 

0. 

100. 000 

2.0000 

2200.00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

3.6393E-01 

_&6r41 

-_13_,59 

-  _0*QQ 

8  6  ,_4  i 

213.58 

400.00 

21.604 

3.397 

0.000 

21.603 

53.396 

0. 

100.000 

4.0000 

400.00 

7.9414E-12 

2.0711E  02 

4. 000 7 E  09 

3.62246  09 

149.60 

2  5.20 

74.80 

0.0  0 

0.81 

0. 

250.40 

CONDITIONS  LEAD 

TO  CARBON  FORMATION* 

59.742 

10.064 

29.871 

0.000 

0.323 

0. 

100.000 

4.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

1.2524E  06 

146.83 

26.57 

73.4Q__ 

0.04 

6.38 

0, 

253.21 

57.989 

10.492 

28.987 

0.014 

2.518 

0. 

100.000 

4.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.769CE  03 

4.9668E  03' 

137.49 

30.94 

68.42 

0,64 

25.67 

0. 

263.15 

52.246 

11.756 

26.001 

0.243 

9.754 

0. 

100.000 

4.0000 

1000.00 

4. 90186-02 

3.7523E  00 

£*A774Ej9A 

8* 47 63 E  01 

119.26 

_37.5_5._ 

5.63 

.67 ,11  - 

0.  . 

286.37 

41.645 

13.114 

19.839 

1.967 

23.435 

0. 

100. COO 

4.0000 

1200.00 

2 .60756  00 

1.9714E  00 

3.0042E  00 

4.4614E  00 

96.91 

38.25 

35.16 

26.58 

132. T6 

9. 

329.67 

29.396 

11.603 

10.666 

8.064 

40.271 

0. 

.100*000 
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PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 


STEAM  REFORMER  FEED  -  CNH2N  (TOO  HOL  C  BASIS I «  STEAM/C  RATIO,  2*0 


ELEMENTAL  CDMPCS  IT  ION 

C (ATOMS )  H ( ATOMS  I  DIATOMS )  N2IM0LS) 

100*0)  600.00  200*00  0* 


CONDITIONS  AND 

EQUILIBRIUM 

constants 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

- - 

P  l  ATM  J 

T I DEG  FI 

Kft 

KS 

KC 

RT 

H20 

C02 

CH4 

CO 

H2 

N2 

total 

MOLS 

MOLS 

HOLS 

MOLS 

MOLS 

MOLS 

HOLS 

HQl  PC  MUL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

HOL  PC 

4*0000 

1400  .0^ 

6.3697E  01 

1.2081E  00 

2. 730  6E-0L 

7. 7239E-01 

80.70 

29*53 

10.23 

60*23 

198.84 

0. 

379.54 

21.262 

7.782 

2.696 

15.870 

52.390 

0. 

100.001 

4  *  0000 

1600*00 

8.2139E  02 

8 .2439E-0 1 

4. 0069E-02 

3.8667E-01 

78.67 

22.58 

1.25 

76.17 

218.82 

G. 

397.50 

19.792 

5.680 

0.315 

19.163 

55.050 

0. 

ioq.qoj 

4*0000 

leoo.ovj 

6.79G4E  03 

6.0833E-01 

8 • 3445E-Q3 

2. 79 80 E— 01 

81.63 

18.52 

0.15 

81.33 

218.06 

0* 

399*70 

20.423 

4.634 

C.038 

20.347 

54.557 

0. 

100.003 

4.0000 

2000.00 

4.O014E  04 

4.7516E-01 

2.2622E-03 

2.2U49E-01 

84.35 

15.67 

0.03 

84.30 

215-60 

0. 

399.45 

21.091 

3.919 

0.0O6 

21.078 

53.906 

0. 

100.000 

4.0000 

2200.00 

1.8036E  05 

3 . 8864E-0 1 

7.5373E-Q4 

1.8199E-01 

86.42 

13.59 

0.01 

86.41 

213.57 

0. 

399.99 

21.605 

3.397 

0.001 

21.602 

53.394 

0. 

100.000 

6.0000 

400.00 

7.9414E-12 

2 *U711E  02 

A«.QQOJJ£  .09 

i.6291£  ,.Q9_ 

.  LA9.67 

25*16... 

_ 74.jQ3_ 

0.00 

.  ..a.  66 

.  .  0*  . 

CONDITIONS  LEAD 

TO  CARBON  FORMAT  ION • 

59.789 

10.053 

29*894 

0.000 

0.264 

0. 

100.00 

6.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

1.2614E  06 

147.40 

26.28 

73.69 

0.03 

5.23 

0. 

252.63 

58*347 

10.405 

29. 167 

0.012 

2*070 

0. 

lOu.QO^' 

6,0000. 

800.00 

2  *  6  585E-Q4 

9.0223E  00 

3.7690E  03 

5,  Q£49E_  0  3 

139.61 

29*94. 

.j59_l55  - 

0.51 

ZU29 

0. 

260.90 

53.511 

11.477 

26.659 

0.194 

8*159 

0. 

loo.ooo 

6*0000 

1000. 00 

4 .9018E-02 

3.T523E  00 

6.4774E  OL 

b. 78356  01 

123.88 

35.88 

59.75 

4.37 

56.62 

0. 

280.49 

44. 164 

12.791 

21*303 

1.558 

20. 184 

0. 

100.00.' 

6 .0000 _ 

1200. Co  2.6375E  00 

1.9714E  00  3.00426  00 

^  4jl4129£  QC. 

37.73 

41r0i 

.  21.24 

114.63 

Oi  _ 

317.93 

32.492 

11.867 

12.906 

6.680 

36.055 

0. 

loo. ooe 

6.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

6.4693E-01 

85.55 

30*39 

15.9*3 

53.68 

182.59 

0. 

368.14 

23.237 

8.254 

4.326 

14.582 

49.599 

0. 

1 00.000 

6.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

2 . 6998E-01 

79.79 

22.82 

2.61 

74.57 

214.98 

0. 

394.78 

20.212 

5.780 

0.661 

18.809 

54.457 

0. 

100.000 

6.0000 

1800.00 

6.7904E  03 

6  *08  336-01 

8.34456-03 

1.8767E-QI 

81.79 

18.55 

0.34 

81.11 

217.53 

0. 

399.32 

20.482 

4.646 

0.085 

20.312 

54.476 

o. 

100.00 

6*0000 

2000. OL 

4.0014E  04 

4.7516E-Q1 

2.2622E-03 

84.38 

15.68 

0.06 

84.27 

illilL 

„  .0.1 _ 

399.89 

21.101 

3.920 

0.014 

21.073 

53.892 

0. 

iQO.OOi; 

6.0000 

2200*00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

1.21356-01 

86.42 

13.59 

0.01 

86.40 

213.55 

0. 

399,98 

21.607 

3.397 

0.003 

21.601 

53.391 

0.  -  . 

IOQ.OO-j 

12,0000 

“CONDITI 

400.00 

7  * 94 14 F 

2 *0  71  IE  0? 

4.0007E  Q9 

3.5992E  09 

-.£49  f_  7_L_ 
59, 851 

25.  12 

74.88 

O.QO 

0.47 

0. 

250.23 

ONS  LEAC 

rn  ,„o.  f: 

*R5'AT  ion. 

10.037 

29.925 

0.000 

6.187 

6. 

100.003 

12.0000 

600.00 

2.199CE-07 

3.14796  01 

1.0438E  06 

1.2733E  06 

148.15 

25.91 

74.07 

0.02 

3.72 

0. 

251.87 

58.820 

10.289 

29.406 

O.OL-8 

1.477 

0. 

100.000 

12.0000 

800.00 

2.65856-04 

9  *022  36  00 

3.7690E  03 

5.25406  03 

142.48 

28-59 

71.07 

0,34 

15.38 

_  0-  . 

257.86 

55.256“ 

'll.  087 

27.562 

0.133 

5.963 

~  0. 

io’o.ooo 

12.0000 

1000.00 

4.90 18E-02 

3.7523E  00 

6*47746  01 

9.286BE  01 

130.47 

33.34 

63,81 

2.85 

41.92 

0. 

272.39 

47.898 

12.239 

23.425 

1.048 

15.389 

0. 

100.000 

12.0000 

12Q0.00 

2 ■ 6875 E  00 

1.9714E  00 

3*00426  OU 

4.5155E  00 

113.35 

36.23 

49.59 

>4.18 

67.48 

0* 

300.83 

37*680 

12.044 

f6.483 

4.715 

29.078 

0. 

100*000 

12.0000 

UOQ*£L 

6.3697E  01 

1  •  2001c  QQ_ 

_ 2. 73066-01 

5.  4124£r_01_ 

95^64. 

.  .31*66 

-2J.3Q  _ 

41.03 

149.75 

-  Qjl 

a45.^ _ 

27.691 

9.167 

7.905 

11.880 

43.357 

0. 

100. OOJ 

12.0000 

1600. or 

8.2139E  02 

3.2439E-01 

4.0069E-02 

1.6173E-01 

84.07 

23,70 

7.78 

68.52 

200.37 

0. 

384.45 

21.869 

6.165 

2.023 

17.823 

52.119 

0. 

100.009 

_  12. 0000. 

1800*00 

6.7984E  03 

4.0833E-01  8.3445E-Q3 

9.6796E-Q2_. 

.....  82  j.  5.8 _ 18  i7  1  ... 

_ l.,29_ 

-4Q.TJQ _ 214.64 

..JU _ 

397.47 

20.779 

4.707 

0*324 

20.131 

54.059 

0. 

100.000 

12.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

7. 39646-02 

84*52 

15.70 

0*22 

84.07 

215.03 

0. 

399,55 

21.154 

3.930 

0.056 

21.042 

53.818 

0. 

100. 00A 

12*0000 

2203, Of 

1.8036E  J?_5 

3.8864E-01 

7.53736-04 

6.0746E-02 

84.45_ 

13*59 

0,05 

86 ,36 

213.45.  . 

0,  -  . 

21.619 

3.399 

0.012 

21.595 

53.375 

0. 

100.009 
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TABLE  F-23A 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CNH2N  ( IOO ' MOL  C  BASIS)  •  STEAM/C  RATIO,  3*0 


elemental  composition 

C ( ATOMS)  H l ATOMS )  OtATOMS)  N21MGLS ) 

100*00  800.00  300*00  0. 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P ( ATM  1 

T (DEG  FJ 

KR 

KS 

KC 

RT 

H20 

cn? 

CH4 

Co 

H2 

N? 

TOTAL 

MOLS 

MOLS 

MOLS 

HOLS 

MGLS 

MOLS 

HOLS 

MOL  PC  MOL  PC  HQL  PC  1 

MOL  PC  1 

MOL  PC  MOL  PC 

MOL  PC 

1*0000 

400 .00 

__7 

2.07JL1E  02_. 

44Q0.QIE  Q9. 

5.9997C- 

09 

.  248.77 

1 

74.39 

0,00  _ 

2.4^ 

0. 

351.23 

70.829 

7.293 

21.179 

0.000 

0.700 

0. 

100.000 

1.0000 

600.00 

2.L49CE-G7 

3.1479E  01 

1.0438E  06 

L . 986  IE 

06 

240.67 

29.63 

70.30 

0.07 

ia.72 

0. 

359,40 

66.966 

8.243 

19.561 

0.020 

5.210 

0. 

100. OOg 

uoooo 

800.00 

2.6S85E-Q4 

9.0223E  00 

3.7690E  03 

7.3 5526. 

03  . 216.07 

.  4U2-L 

57j30l 

_  L*4JL 

69.^4_ 

0. 

385.40 

56.062 

10.699 

14.867 

0.381 

17.991 

0. 

100.009 

1,0000 

lQQO.GO 

4*90 1 8E-02 

3.7523E  00 

6.4774E  01 

1.3877E 

02 

177,06 

54.89 

31.97 

13.13 

158.98 

0. 

436.05 

40.609 

12.589 

7*332 

3.012 

36*458 

0. 

100.00  i 

1*0000 

1200. OG 

2  -6875E  tjp. 

1.9714E  00  3.0042E  00 

.  .U5iIfi£L 

.  152.6? 

3^58 

_  41-32 

JL, 

488.84 

31.231 

10.823 

1.141 

a. 493 

48.313 

0. 

100.00-j 

1.0000 

1400 -OC 

6.3697E  01 

1.2081E  00 

2.7306E-01 

6.95256 

00 

156.65 

43.67 

0.  32 

56.01 

242.71 

0. 

499.36 

31.370 

8.746 

0,064 

11.216 

48.604 

0. 

100 *000 

1*0000 

1600. OG 

8.2139E  02 

8,2439E-01 

4.0069E-02 

4.4872E 

00 

163.68 

36.34 

0.02 

63.63 

236.27 

0. 

499.95 

32.740 

7.269 

O.Qu5 

12.728 

47.258 

0. 

100. OOj 

1.0000 

1800. OC 

6.7984E  03 

6.0833E-01 

8.3445E-03 

3.2230E 

00 

169.17 

30.83 

0.00 

69.16 

230.83 

0, 

499.99 

33.034 

6.  167 

O.OOi 

13.833 

46.166 

0. 

100.00 J 

1.0000 

2000.00 

4.00 14E  04 

4. 7516E-01 

2.2622E-03 

2.47736 

00 

173.35 

26,65 

0.00 

73.35 

226.65 

0. 

500.00 

34.669 

5.331 

0.000 

14.669 

45.331 

0. 

100.00 J 

1.0000 

2200.00 

1-8036E  05 

3.8864E-01 

7,53736-04 

2.U059E 

OC 

176.51 

23.49 

0.00 

76*51 

223.49 

0. 

500,00 

- 

35.303 

4.697 

0.000 

15.303 

44.697 

0. 

100. OOJ 

2.0000 

400.00 

7.9414E-12 

2 .07 1  IE  02 

4.0007E  09 

6.0S71E 

09 

249.13 

25.43 

74.56 

0.05 

1.74 

0. 

350.87 

71.003 

7.249 

21.251 

0.000 

0.497 

0. 

100. OOG 

2*0000 

600.00 

2.1990E-07 

3.1479E  01 

L.0438E  06 

2.0339E 

06 

243.29 

28.33 

71.62 

0.05 

13.47 

o.  - 

356,76 

68.193 

7.941 

20*075 

0.014 

3.777 

0. 

IOC ,003 

_ 2.0000 

800.00 

2*  6585£“04 

9.0223E  00 

3.7690E  03 

7. 7  83  9E 

03 

224,64 

37.20 

61.85 

0.95 

51.66 

0. 

376*31 

59,697 

9.887 

16.435 

0,252 

13-729 

0. 

100.000 

2.0000 

1000.00 

4,901 8  E  — 02 

3.7523E  00 

6.4774E  01 

1. 384  IE 

02 

191,76 

49,79 

41.55 

8.66 

125.14 

0. 

416.90 

45.997 

11.943 

9,966 

2.077 

30.017 

0. 

100. 0C9 

2*  OQ  00  _ 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1.03036 

01 

161.49 

51. 9B 

13.47 

34.54 

211.57 

0. 

473*05 _ 

34,138 

10.989 

2.848 

7.302 

44. 723 

6* 

100.000 

_ 

14Q&.QCL 

.JU1MZS..01 

1 ,2081 E  00. 

2,73066-01  . 

3.581AE. 

09 

157,34 

43,  69  _ 

L*23 

55,09 

240.01 

_  c  ■ 

491.55 

31.663 

8.780 

0.246 

11.072 

48.238 

0. 

100.000 

2*0000 

1600.00 

8.2139E  02 

B.2439E-01 

4.00696-02 

2.2433E 

00 

163.75 

36.35 

0.  10 

63.55 

236.05 

0. 

499.80 

32.764 

7.272 

0 .020 

12*716 

47.228 

0. 

l  oo.oo-: 

_ 2*0000 

1800.00 

6.7984E  03 

6.0833E-01 

8. 3445E-03 

*  1,61196 

00 

169.18 

30*34 

0.01 

69.15 

230.80 

0. 

499.98 

33.837 

6.167 

0*002 

13.831 

46.162 

0. 

100.000 

z.cooo 

2000.00 

4.0014E  04 

4. 75166-01 

2. 2622E-03 

1.2387E 

00 

173.35 

26,65 

0.00 

73.34 

226.65 

0. 

500.00 

34.670 

5.331 

0.000 

14.669 

45.330 

0. 

100.00- 

2.0000 

2200.00  . 

1.8036E  05 

3.8864E-01 

_ 7.5373E-04 

1.0Q30E 

.00  _ 

X76-51_ 

23.49 

0,00 

76.51 

223.49 

Of 

50C.QO 

35-303 

4.697 

0.000 

15.303 

44.697 

0. 

100.00. 

4.0000 

400.00 

7.9414E-12 

2.071 IE  02 

4.0007E  09 

6.0300E 

09 

249.38 

25.31 

74.69 

0.00 

1.23 

0. 

35C.62 

71.127 

7.218 

21.303 

0.000 

0.352 

0. 

100. 00  j 

4.0000. 

600.00 

2.199CE— 07 

3. 1479  E.  01 

1.043BE  06 

2.Q713E 

06- 

245.19 

27.39 

72.58 

0.03 

9.65 

0. 

354.64 

69.098 

7.718 

20.454 

0.010 

2.720 

0. 

100.00  ; 

4.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.769QE  03 

8.1506E 

03 

231.28 

34.05 

65.33 

0.62 

38.06 

0. 

369.34 

62.619 

9.219 

17.688 

0.163 

10.305 

0. 

100. 00. ■ 

4.0000 

1000.00 

-4.9018E-02 

3.7523E_00 

6.47746  01 

1.4259E 

02 

204.72 

44.83 

49.55 

5-61 

96.16 

0. 

40p.90 

51.065 

11.184 

12.360 

1.400 

23.991 

0. 

100. OOj 

4.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

8.45956 

Oj 

174-19 

49.99 

24.18 

25.83 

177.45 

0. 

451.64 

38.569 

11*068 

5.354 

5.719 

39.289 

0* 

100,00  1 
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TABLE  F-23B 

PRCDUCT  COHPQS I TIQNS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT 
STEAM  REFORMER  FEED  -  CNH2N  (100  MOL  C  BASIS), 
ELEMENTAL  COMPOSITION 

C 1  ATOMS )  H  t  AT  OHS)  OIATOHS)  N2(M0LS) 

100.00  aoo.oo  300.00  o. 


EQUILIBRIA 
STEAM/C  RATIO,  3.0 


CONDITIONS  AND 

EQUILIBRIUM 

constants 

. —  ' 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

.....  .... 

P( ATM) 

T (UEG  F) 

KR 

KS 

KC 

RT 

H2Q 

C02 

CH4 

CO 

H2 

N2 

total 

KOLS 

HOLS 

MDLS 

MOLS 

HULS 

MOLS 

MOLS 

MOL  PC  1 

MDL  PC 

MOL  PC  1 

MOL  PC  ! 

MOL  PC  1 

MOL  PC 

MOL  PC 

_ 4.0000 

1400.00 

6.3697E  01 

1.20Q1E  00 

2.7306E-01 

1.9774E  Qu 

160*46 

43.71 

4.17 

52.12 

231.19 

0. 

491.66 

32.637 

8.890 

0.848 

10.601 

47.023 

0, 

100.000 

4.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4. 0069E-02 

1.1346E  00 

164.03 

36.36 

0.39 

63.24 

235.19 

0. 

499.22 

32.857 

7.284 

0.079 

12.669 

47.111 

0. 

100.00-- 

4.0000 

1800.00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

8, 0682E-0 1 

169.21 

30.84 

0.05 

69.11 

,130.70 

0. 

499.91 

33.848 

6.169 

0.009 

13.826 

46.148 

0. 

100.000 

4.0000 

2000.00 

4.0014E  04 

4*  75I6E-01 

2.2622E-03 

6. 1947E-01 

173.35 

26.65 

0.01 

73.34 

226.63 

0. 

499.98 

34.672 

5.331 

0.002 

14.668 

45.328 

0. 

100.000 

4.0000 

2200.00 

1,80366  05 

3.8064E-O1 

7.53T3E-04 

5.0150E-01 

176.52 

23.49 

0.00 

76.51 

223.48 

0. 

500.00 

35.303 

4.697 

0.000 

15.302 

44.697 

0* 

100.000 

6.0000 

400.00 

7.9414E-12  2.Q7UE  Q2_  4.0Q07E  Q9 

.3*  9933£_  .09 

249.50 

25.25 

74.75 

a.  00 

UQ1 

0. 

350.60 

71.182 

7.204 

21.326 

0.000 

0.286 

0. 

100.000 

6.0000 

600.00 

2.1 99CE-07 

3.1479E  01 

I.0438E  06 

2.0888E  06 

246.05 

26.96 

73.01 

0.03 

7.93 

0. 

353.98 

69*510 

7.617 

20.626 

0.008 

2.240 

0. 

100.000 

6.0000 

800.00 

2. 6  585E-04 

9.0223E  00 

3.769CE  03 

8.3445E  03 

_234.40 

66.95 

0.49 

31.63 

0., _ 

64-027 

8.893 

18.289 

0.133 

8.657 

0. 

100, OOJ 

6.0000 

1000.00 

4. 90 18E-02 

3.7523E  00 

6.4774E  01 

1.4607E  02 

211.30 

42.18 

53.47 

4.35 

81.76 

0. 

393,05 

53.758 

10-731 

13.605 

1.107 

20.800 

0. 

100.003 

6.0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.00426  00 

7.9984E  00 

182.34  48.32 

^  33.66 

^2J.*D2 

156,14  . 

_ 0. 

438.68 

41.565 

11.015 

6.989 

4.791 

35.639 

0. 

100.000 

6.0000 

1400.00 

6.3697E  01 

1 .2081E  00 

2.7306E-01 

1,49076  00 

163.99 

43.68 

7.67 

48.65 

220,67 

0. 

484.66 

33.836 

9.012 

1.583 

10.038 

45.531 

0. 

100.009 

6.0000 

1600.00 

B.2139E  02 

8.24398-01 

4.0069E-02 

7. 6749E-01 

164.47 

36.39 

0.86 

62.75 

233*61 

0. 

498.28 

33.008 

7.303 

0.173 

12.593 

46.923 

0. 

100. 000 

“  6.QC00 

1800-00 

6.79B4E  03 

6.0833E-01 

8.3445E-03 

5. 3882E-0  L 

169.26 

30.84 

O.li 

69.05 

230.52 

0. 

499.79 

— 

33.867 

6.171 

0.021 

13.816 

46.125 

0. 

100.000 

6.0000 

2000.00 

4.0014E  04 

4.75  L6E-01 

2.2622E-03 

i— 

\jj 

h»* 

C 

m 

i 

o 

173.36 

26.66 

0.02 

73.33  226.60 

0. 

499.96 

34.675 

5.331 

0.004 

14.666 

45.324 

0. 

100.000 

6.0000 

2200.00 

1.Q036E  05 

3.8864E-01 

7.5373E-04 

3. 34356-01 

176.52 

23.49 

0.00 

76.51 

223.48 

0, 

499.99 

35.304 

4.697 

0.001 

15.302 

44.696 

0. 

100. 000 

12.0000  400.00  7.9414E-12  2.0T11E  02 


12.0000  600.00  2.199QE-07  3.1479E  01 


12.0000  800.00  2.6585E-Q4  9.0223E  00 


4.0007E  09 

1.0438E  06 

3.769QE  03 


5.9684E  09  249.64  2 5.18  74.82 


71.254  7.186  21.356 


0.00  _0*_7X 

0.000  0.204 


2.1124E  06  247 .18  26.40 

70.057  7.482 


73.58 

20.855 


0.02 

0.005 


5.65 

1.601 


6.6345E  03  238.65  30.51  69.16 


65.984  8.436  19.122 


12.0000 

12.0000 


1000.00 


1200.00 


4.90  18E-02 

2.6875E  00 


3.7523E  00 

1.9T14E  00 


6.4774E  01 

3.0042E  00 


1.5273E  02  220.80  38.19 

57*  SCO  9.996 

7.7230E  00  195.91  44.93 


46.831  10.739 


58.99 

15.442 


_40 .83 
9.761 


_0 t33 _ , _23»03  _ 

0.090  6.367 


2.82  61.21 
0.739  16.023 


14.24  122*42 _ 

3.434  29.265 


0. 

0. 


0. 

0. 


o. 

0. 


0. 

0. 


CL. 

0. 


12.0000  1_40Q^_00- _ 6._3697£__-Ql _ 1.2Q81E  00_  2.T3Q6E-01  1.0660E  00 


350.36 

100.000 


352.83 

100.000 


382.02 

100.000 

416.33 

100.000 

_A6  f».02L_ 


12.0000 

12.0000 

1600.00 

1800.00 

8.2139E 

6 -7  9  84  E. 

02 

8. 2439E-01 

6.0833E-Q1 

4.0069E-02 

8. 3445E— 03 

4. 1137E-01 

2.7192E-01 

37.258 

166.56 

33.725 

169.55 

9.293 

36.50 

7.391 

30.87 

3.640 

3.06 

0.620 

0.42 

8.523 

60.43 

12.236 

68.72 

41.286 

227.31 

46.027 

229,62 _ 

0. 

0. 

0. 

Qr 

100.000 

493.87 

100.000 

499.17 

33.967 

6.184 

0.084 

13.766 

46.000 

0. 

100.00<! 

12.0000 

2000.00 

4.0014E 

04 

4.7516E-01 

2.2622E-03 

2.0687C-01 

173.41 

26.66 

0.07 

73.27 

226.45 

0. 

499.86 

- 

34.692 

5.334 

0.014 

14.658 

45.302 

0. 

100.000 

12.0000 

2200. OQ 

U8036E 

-OJL. 

3.8864E-Q1 

7.5U3E-Q4-- 

1. 6723E-Q 1 

I76,53 

23.49 

0.02 

22.3,  . 

Qjt 

499.97 

35.308 

4.698 

0.003 

15.300 

44.691 

0. 

100. OOJ 
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TABLE  F-24A 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  RfFQRHING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CNH2N  ( 100  HOL  C  BASIS!  ,  STEAM/C  RATIO,  4.0 
ELEMENTAL  COMPOSITION 

C  ( ATOMS )  HUTOHSJ  DIATOMS)  N21H0LS) 

100.00  10-30.03  400.00  0. 


CONDITIONS  and 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P(ATH) 

TIDED  F) 

KR 

KS 

KC 

RT 

H20 

CD2 

CH4 

CO 

H2 

N2 

TOTAL 

MOLS 

HOLS 

MOLS 

HOLS 

MOLS 

MOLS 

MOLS 

MOL  PC  I 

HOL  PC  MOL  PC  MOL  PC  , 

HOL  PC  MOL  PC 

MOL  PC 

l.OuOO 

400,00 

7,9414E-12 

2 .« 0 7 1 1  £  Q2_ 

_4.  QQQ.7E  09 

S*3934E_Q 9  _^4.8*36. 

25,.  82 

74.18 

0 .  Q  j 

3,29 

0, 

451,64 

77.131 

5.717 

16.424 

0.000 

0.728 

0. 

100.00 

i.onoo 

600,00 

2.199CE-07 

3 .14798  01 

1-G438E  06 

2.7480E  06 

337.68 

31.12 

68.80 

0.0/ 

24.71 

0. 

462.39 

73.029 

6.731 

14,880 

0.016 

5.345 

0. 

IOC  .00,' 

1. 0000 

800.00 

^2a6  585E-:P_4 

?-0223JLiK>._ 

3*.74<W  03, 

.  L*0.355£j&4. 

.  306 ,2it. 

*frg.3  . 

_ 52*  39 

1.49 

88,97- 

-  p. 

495.23 

61.842 

9*315 

10.578 

0.300 

17.966 

0. 

luG.OCXi 

1*0000 

1000.00 

4.90  18E-Q2 

3.7523E  00 

6.4774E  01 

2.2009E  02 

259.67 

63.83 

23.50 

12.66 

193.32 

0. 

55?. 99 

46.958 

11.543 

4.251 

2.290 

34.958 

0. 

100.00  ■ 

1,0000 

1200, at 

_2,6375£.  Op. 

1.97i4E^£lO_ 

■_3*.PQ.42£JW. 

..  3.^039LQ1 

,2.39-29 

63*2£  - 

_ 2.52 

34.26 

255,67 

o. 

594,97  .. 

40.220 

i 0. 626 

0,423 

5.759 

42.973 

0. 

IOO.GOj 

1.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

1.5314E  01 

246.22 

53.92 

0.13 

45.95 

253.52 

0. 

599.73 

41.054 

8*990 

0.022 

7.662 

42.272 

0. 

100.00  ■ 

1.0000 

1600*00 

.  8.2.1391  02 

8.2439E-01 

4. 0069E-02 

9.4593E  00 

254.03 

45.98 

-  0,01 

54.01 

245. 9:> 

0. 

.  599^9  6-  .  . 

- -  42.339 

7-664 

0.002 

9.001 

40.993 

0. 

100. OOJ 

1.0000 

1800.00 

6.7984E  03 

6.0833E-01 

8.3445E-03 

6.5773E  00 

260.23 

39.77 

0,00 

60.23 

239.76 

0. 

60C.C0 

43.372 

6.628 

0,000 

10.038 

39.961 

0. 

100. 00  : 

1.0 OOP 

2000.00 

4.0014E  04 

4.75l6ErOi 

__2ji  262  2.E  -_0  3_ 

,Q,C_. 

.  265.09 

34. 9L 

0.00 

65.09 

234.90 

.  .0, 

600. UQ 

44.183 

5*810 

0.000 

10.849 

39.151 

0. 

100.00  ' 

1.0000 

2200.0^ 

1.8036E  OS 

3.8864E-01 

7.5373E-04 

3.9388E  00 

268.87 

31.13 

0.  Ou 

68*87 

231.13 

0. 

600.00 

44.811 

5.189 

0-000 

11.478 

38.522 

0. 

100*00^ 

2.0000 

400.00 

7 .94 14E-12 

2  .071 IE  02 

4.0007E  09 

8.4220E  09 

348.83 

25.58 

74-42 

0.00 

2.33 

0. 

451.17 

77.318 

5.670 

16,494 

0.000 

0,517 

0. 

100. GO^ 

2.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

2.B200E  06 

341.10 

29.43 

70.52 

0.05 

17.86 

0. 

458.95 

74.321 

6.412 

15.366 

0.011 

3.890 

0. 

100.00'.' 

2.0000^ 

800.00 

2.6585E-04 

9.0223E  00 

3.769QE  03 

1.0802E  04 

317.05 

41.00 

58-05 

0.96 

66.86 

0. 

483.91 

65.518 

8.472 

11.995 

0.198 

13.817 

0. 

100.000 

2.0000 

1000,00 

4.90 18E-02 

3.7523E  00 

6.4774E  01 

2.0559E  02 

276.46 

57.46 

33,92 

8.62 

155,69 

0. 

532*16 

51.952 

10.797 

6.374 

1.620 

29.257 

0. 

100. OOJ 

2.0000 

__  1200.00 

2.6875E  00 

1.9714E  00 

_  3. 0042E  00 

1.9297E  01 

245.55 

61.91 

7.46 

30.64 

239.54 

..-Ol.  - 

585.09 

41.967 

10.581 

1.274 

5.236 

40.941 

0. 

100.000 

2.-0000, 

A 

_6.369_IE_.Q1  „ 

1.2081E  CO  2.T306E-01 

7,  T5AfiE_.00. 

.246,65  S3*QJ _ Q.52  _ 

45*61- 

-252 ,3-1- 

-JL*  _ 

-  .598*9.6 _ 

41-180 

8.994 

0.087 

7.615 

42.125 

0. 

1 00.0  or. 

2.0000 

1600.00 

3.21 39E  02 

8.2439E-01 

4.0069E-Q2 

4.7343E  OG 

254.06 

45.98 

0.04 

53.98 

245.85 

0. 

599.91 

42.349 

7.665 

0.007 

8.997 

40.981 

0. 

100.000 

2.0000 

1800.00, 

6.7984E  03 

6 .0833E-01 

8.3445E-03 

3.289QE  00 

260.24 

39.77 

0.01 

60.23 

239.75 

0. 

599*99 

43.374 

6.628 

0.001 

10.038 

39.959 

0. 

100.00  J 

2.0000 

2000.00 

4.0014E  04 

4.7516E-Q1 

2. 2622E-03 

2.4713E  DO 

265.10 

34.91 

0.00 

65,09 

234.90 

0, 

600.00 

44.183 

5.818 

o.ouo 

10,849 

39.151 

0. 

100.003 

2.0 COO 

2_20p.00_ 

.1 .8036£LjQ,5  _ 

3 .8864E-0 1  , 

Ji_537J?E.-’04 

-_l-g  .96.94C  QQ 

J26_8.J7„ 

31  „  13 

_68.87_ .. 

23 1  *  13-  _ 

__ 

AO  0 ,_Q  Q _ 

44.811 

5.189 

o.ooo 

11.478 

38.522 

0. 

100.00; 

4.C000 

400.00 

7.9414E-12 

Z -0711E  02 

4.0007E  09 

B.4082E  09 

349.17 

25.41 

74.59 

0  -  0  j- 

1.65 

0. 

450. S3 

77.452 

5.637 

16.544 

o.ooo 

0.367 

0. 

100.003 

4.0000 

600.00 

2 . 1990  E^Q’L 

3.1479E  01 

1.0438E  06 

2.8772E  06 

343.60 

28.18 

71.78 

0.03 

12.83 

0. 

456*43 

75.280 

6.175 

15.727 

0.007 

2,811 

0. 

100. OOJ 

4.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.1265E  04 

325.50 

36.94 

62.44 

0,62 

49.62 

0. 

475.12 

68.509 

7.774 

13.142 

0.131 

10.443 

0. 

100.000 

4.0000 

1000.00 

4.90 18E_— 02  . 

3.7523E  00 

6.4774E  01 

-2*QAP2E_02 

292.05 

51.14 

43,19  .. 

5.67 

121.  57.  „ 

— Q  *_ .  — 

513,6? 

56.861 

9.956 

8.409 

i.105 

23.670 

0. 

100*00f 

4. 0000 

1200.00 

2.6B75E  00 

1.9714E  00 

3.0042E  00 

1.3966E  01 

257.20 

59.15 

16.35 

24.51 

210.10 

0. 

567.31 

45.338 

10.426 

2.882 

4,320 

37,035 

0. 

100,00s" 
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TABLE  F-248 


i 


PRODUCT  COMPOS  I T IONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAK  REFORMER  F EE  0  -  CNH2N  t 100  MOL  C  BASIS),  STEAM/C  RATIO,  4.0 


ELEMENTAL  C0MPCSIT10N 

C ( ATOMS )  HI  ATOMS )  Of ATOMS)  N2 t MGLS ) 

100*00  1000.00  400*00  0. 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P(ATM) 

TlDEG  F) 

KR 

KS 

KC 

RT 

H2Q 

C02 

CH4 

CO 

H2 

U2 

TOTAL 

MDLS 

MQLS 

MOLS 

MOLS 

HOLS 

MGL  S 

HOLS 

MOL  PC  HDL  PC  MOL  PC  MQL  PC  MOL  PC  MOL  PC 

MOL  PC 

4.0000 

1400.00 

6.3697E  01. 

1 .208 LE  00 

2.7306E-OI 

4. 062 1C  OU 

248.23 

53,69 

1.93 

44.36 

247.91 

0. 

596.15 

41.640 

9.006 

0.323 

7.445 

41.586 

0* 

100,00  j 

4,0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

2.3765E  00 

254. 19 

45.98 

0.17 

53.85 

245.47 

0, 

599.66 

42.390 

7.667 

0.028 

8.981 

40.934 

0. 

LOO.OGG 

4.0000 

1800.0 J 

6.7984E  03 

6.G833E-01 

8.3445E-03 

1.6453E  OC 

260. 25 

39*7? 

0,02 

60.21 

239.71 

0. 

599.96 

43.379 

6.628 

0.003 

10.036 

39.954 

0. 

100.000 

4.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

I.2358E  00 

265,10 

34.91 

0.00 

65.09 

234.89 

0. 

599.99 

44.184 

5.818 

0.001 

10.849 

39.150 

0. 

100.000 

4.0000 

2200. OC 

1.8036E  05 

3.8864E-01 

7.5373E-04 

9.8473E-0I 

268.87 

31.13 

0.00 

68.87 

231.13 

0. 

600.00 

44.811 

5.189 

0.000 

11.478 

38.522 

0. 

100.000 

__  _  _&.o_ooq 

^4QCUQ0„ 

__.Ii  9  4  l4ErJ  2_  _  JL.Q7 

_4.*J3DQiE_J19 

8,5058^0  9 

349,32. 

_ 74^.66 

.  Q,OL 

1.35. 

__  0.. 

450.68 

77.511 

5.622 

16.567 

0.000 

0,300 

0. 

loo-oo:- 

6.0000 

600.00 

2.199CE-07 

3.1479E  01 

1.0438E  06 

2.9042E  06 

344.74 

27.62 

72.35 

0.03 

10.55 

0. 

455.29 

75.718 

6.066 

15.892 

0.006 

2.318 

0. 

100.00*. 

6.0000 

800.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

I.1526E  04 

__329.Sj 

35*00 

64a  J51 

_D ,  49 

41.47 

0. 

470.98 

69.963 

7.432 

13.697 

0.104 

8.805 

0, 

100*00^ 

6.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.0617E  02 

300.16 

47.72 

47.87 

4*41 

104,10 

0. 

504.25 

59.525 

9.463 

9.494 

0.875 

20,644 

0. 

100.009 

6.C000 

1200.0;, 

2.6875E  00 

1.9714E  00 

3.0042E  00 

1.2507E  01 

2J&  5  ,.7  9 

__56,66_-_ 

22,64 

188.93 

0. 

554^11 _ 

47.914 

10.250 

4.082 

3.696 

34.059 

0. 

100.003 

6.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

2.8936E  00 

250.45 

53.43 

3*88 

42.69 

241.78 

0* 

592.24 

42.290 

9.021 

0.655 

7.208 

40.825 

0* 

100.000 

6.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4tUO69E-02  JU5945E  00 

254*41 

45,97 

0,38 

53,66 

244,83 

0. 

599.24 

42.456 

7.671 

0.063 

8.954 

40,857 

0. 

100.000 

6.0000 

1800,00 

6.7984E  03 

6.0833E^01 

8. 3445E-03 

1.0977E  00 

260.28 

39.77 

0.05 

60.19 

239.63 

0. 

599.91 

43.387 

6.629 

0.008 

10.032 

39.944 

0. 

100.003 

6.0000 

2000,00 

4.0014E  04 

4.7516E-Q1 

2622E-03 

8.239.46-CU.. 

.  26^- 10 

34.91 

0.01 

65_s_Q  9 

234*88 

_599.,9_B _ 

44.185 

5.818 

0.001 

10*848 

39.148 

0. 

100.000 

6.0000 

2200,00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

6. 5650E-Q1 

268,87 

31.13 

0.00 

68*86 

231.13 

0. 

600.00 

44,812 

5.189 

0.000 

11.477 

38.522 

0. 

100.009 

12.0000 

400.00 

7.9414E-12 

2 .071 IE  02 

4.0007E  09 

3.602  IE  09 

349.52 

?5f24 

74.76 

_ 0*00  _ 

0.96  __ 

Q. 

_450_.4jL  _ 

77.589 

5*603 

16.596 

0.000 

0.212 

0. 

100.000 

12.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

2.9405E  06 

346.24 

26.87 

73.11 

0.02 

7.54 

0. 

453.78 

76.302 

5.922 

16.112 

0.004 

1.661 

0. 

100.000 

12.0000 

800,00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.1933E  04 

335.01 

32.33 

67.34 

0.32 

30.30_ 

0. 

465^31  ___ 

71.997 

6.949 

14.473 

0.070 

6.512 

0. 

100.000 

12.0000 

1000.00 

4.901BE-02 

3.7523E  00 

6.4774E  01 

2.1257E  02 

312.06 

42.54 

54.60 

2.86 

78.75 

0. 

490,80 

63.581 

8.668 

11.124 

0.583 

16.045 

0. 

100. 000 

_ 12.0000 

1200.00 

2j_6075  E  00_ 

1 . 9  7 1 4  EQJ 

3.0042E  00 

U1356E  01 

281.27 

52.22 

33.49 

14.29 

151.75 

0. 

533.02 _ _ 

52.769 

9.797 

6.283 

2.681 

28.470 

0. 

100,000 

_ 12.00Q0 

14QQ-.Q.Q. 

6.3697E  01 _ l._2QBl£__Q_P 

_  2*_73_Q-6f  “Ql_ , 

1^8334£_DC. 

258*07 

52.39 

10.47 

37.14  220.99 

_ Q._ 

S7q  Q6 

44.568 

9.048 

1.808 

6.413 

38.163 

0. 

100.000 

12.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

8. 2381E-01 

255.52 

45.91 

1.43 

52.66 

241.62 

0. 

597,14 

42.790 

7.688 

0.239 

8.819 

40.463 

0, 

100.003 

12.0000 

1800. OU 

6.7984L03 

_6.0a33E-01 

8.3445E-03 

5.51 LI £-01 

260.42 

39.77 

0.19 

60.05  239.21 

.  ..0* 

599.63 _ 

43.430 

6.632 

0.031 

10.014 

39.893 

0. 

100.001 

12.0000 

2000.00 

4.00L4E  04 

4.7516E-01 

2.2622E-03 

4.1225E-01 

265.13 

34.91 

0.03 

65.06 

234.81 

0. 

599.94 

44.192 

5.818 

0.005 

10,845 

39.139 

0. 

100. CO  j 

_  12.0000. 

_  2200. 00  . 

_l.8_03.6E  05 

3.8864E-Q1 

7.5373E-04  3.2B30E-01 

268.87 

31,13 

0-01 

68.86 

231.11 

0, 

599,99  _ 

44.813 

5.189 

0.001 

11.477 

38.520 

0. 

100.000 
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TABLE  F-25A 


PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 


STEAM  REFORMER  FEED  -  CNH2N  1100  MDL  C  BASIS), 
ELEMENTAL  COMPOSITION 

C (ATOMS)  H ( ATOMS)  DIATOMS)  N2(H0LS) 


100.00 

1200 

.00  50<j 

.00  0 

• 

CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

— 

PtATHt 

TIDEG  F) 

KR 

K$ 

KC 

RT 

l .0000 

400  ,_QQ 

7,94l4ErJ.2 

.^QXUE.  02  _ 

_  4.QQQ7E  _Q9 

1,0755.6 

.10 

l .0000 

600.00 

2  •  1 99CE-07 

3.1479E  01 

1.0438E  06 

3. 495 BE 

06 

1 . OuQU 

600 .00 

2.6585E-Q4 

9.0223E  00 

3.769CE  03 

1.3414E 

.04 

1.0000 

1000. CO 

4.90  L8E-02 

3.7523E  00 

6.4774E  01 

3.27Q0E 

02 

1.0000 

1Z60.00_ 

2.6875E  00 

_U97J4EQQ_ 

.  3,0042E  00 

5,97.236 

_0.1 

1.0000 

1400.00 

6.3697E  01 

1.2381E  00 

2*  7306E-01 

2.8261E 

01 

i.oaoo 

1600.0  C# 

8j,2139E  QZr 

8 • 2439E-0 1 

_4. QQ69E-02 

_1_,6857E 

01 

1.0000 

1800.00 

6.7984E  03 

6.0833E-0I 

8.3445E-03 

1.1425E 

01 

1.0000 

2000.00. 

.  4.0014E  04 

4.75l6E.r01_ 

2.2622E-.03. 

.  8.430 OE 

00 

1.0000 

2200.00 

1.8Q36E  05 

3.8864E-01 

7.5373E-04 

6.6300E 

00 

2.0000 

400.00 

J7  *94 14 E- 12 

2.0T11E  02 

4.0007609 

1.0746E 

JO 

2.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.04386  06 

3.5918E 

06 

2.0000 

800,00 

2.65  85E-04. 

9.0223E  00 

3.7690E  03 

_1. 38  3  36 

04 

2 .0000 

1000.00 

4.9018E-02 

3.7523E  OO 

6.4774E  01 

2 .84  526 

02 

2.0000 

1200.0U 

2.68 75E  00_ 

1.9714E  00 

3. 00 42 E  00 

3.3264E 

01 

2.0000 

1400.00 

-6.3697E  _Q1. 

00- 

.  2,Z30fe£rPJL 

L*4£2  IE 

D1 

2.GOOO 

1600.00 

8.2 139 E  02 

8. 24396-01 

4.0069E-02 

8.4327E 

00 

2.0000 

1800.00  . 

6.7984E  03 

6 .0  93  3„E-01 _ 8  .  34.45.E~0  L 

.JuIUQEJH 

2.0000 

2000. CO 

4.0Q14E  04 

4.7516E-01 

2.2622E-03 

4. 21 5  IE 

oc 

2.0000 

2200.00 

1.8G36E  05 

3.8B64E-01,. 

7.5373E-04 

3.315  0 E 

00 

4.00GO 

400.00 

7. 9414  E-*  12 

2.0711E  02 

4.0007E  09 

1.088  IE 

10 

4.0000 

600.00 

2.199CE-07 

3, 1479E  01 

1.0438E  06 

3.6703E 

06 

4.0000 

800,00 

2.6585E-Q4 

9.0223E  0 w 

3.7690E  03 

1.4348E 

04 

4.0000 

1000.00 

4*90 18E-02 

3.7523E  GO . 

6.4774E  01 

2.7088E 

02 

4.0000 

1200,00 

2.6875E  00 

1.9714L  00 

3.004ZE  00 

2.1636E 

01 

F-46 


STEAM/C  RATIO,  5*0 


EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

H20 

CU2 

CH4 

CO 

H2 

N  2 

total 

MOLS 

MQLS 

HOLS 

MOLS 

MQLS 

MQLS 

MOLS 

MOL  PC  MOL  PC  1 

*GL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

.447*9.4 

„  26 ,03 

J3.97^ 

0.00 

4ai„ 

.  -552-.J36 _ 

01.141 

4.715 

13.399 

0.000 

0.745 

0.  • 

100. OO^J 

434.79 

32.57 

67.36 

0.07  * 

30.50 

0* 

565.20 

76.915 

5.762 

11.916 

0.013 

5. 395 

0. 

JOO.OOo 

397.28 

5Q.6.Q 

.  47.89  _ 

_  1*5L. 

.156.94  . 

0.  ___ 

__6w4  — 

65.751 

8.375 

7.925 

0.250 

17.699 

0. 

100. DOu 

346*03 

70.97 

17.01 

12*02 

219.9s 

0. 

665.99 

51.958 

10.657 

2.553 

1.805 

33.027 

0. 

100.00^ 

JJU2. 

70.13. 

... 

28.62 

.266^.38, 

Q  • _ 

.  697_,5a  _ 

47.472 

10.055 

0.179 

4.103 

38.191 

0. 

100,00'' 

339.01 

61.05 

0.07 

38.88 

260.86 

0. 

699.87 

48.440 

8.723 

0.009 

5.556 

37.272 

0. 

IOO.CO'j 

346.95 

53.06 

0.01 

46.94 

253.04 

0. 

699*99 

49.565 

7.580 

0.001 

6.706 

36.149 

0. 

100.00- 

353.42 

46.58 

0.00 

53,42 

246.58 

0. 

700.00 

50.489 

6.654 

0.000 

7.632 

35.225 

0. 

100.00) 

358.62 

41.38 

0.00 

58.62 

241.38 

0. 

_ 700.00 

51.231 

5.912 

O.ooo 

8.374 

34.483 

c. 

100.009 

362.73 

37.27 

0.00 

62*73 

237.27 

0. 

700,00 

51.819 

5.324 

0.000 

8.961 

33.896 

0. 

100.000 

448.54 

25.73 

74.27 

0.00 

2.92 

0. 

551.46^ 

81.337 

4.666 

13. 468 

0.000 

0.529 

0. 

100.000 

438.97 

30.49 

69.46 

0.05 

22*11 

0. 

561.08 

7B.236 

5.434 

12.380 

0.009 

3.941 

0. 

ioo.oo ; 

409.98 

44,52 

54.50 

0.98 

81.02 

0. 

591.00 

69.370 

7.534 

9.222 

0.165 

13.709 

0. 

100.000 

363.50 

63.99 

27.49 

8.52 

181.53 

0. 

645.02 

56.354 

9.921 

4.262 

1.320 

28.143 

0. 

100.000 

335.17 

69.02 

4.19 

26.79 

256.44 

0. 

691.61 

48.463 

9.980 

0. 606 

3.873 

37.078 

0. 

loo.bo-J 

339.25  . 

61.01 

.  0*26 

38,73 

260.23 

Q_.  .  _ 

..  -.699*48 _ 

48.500 

8.722 

0.037 

5.538 

37.203 

0, 

100.00  ^ 

346.97 

53.05 

0.02 

46.92 

252.99 

0* 

699.96 

49.570 

7.580 

0.003 

6.704 

36.143 

0. 

100.00^- 

353*4.2  _ 

_46«£8  . 

.  0*00 

53.42 

246,57  , 

_  ,0.. 

699.99 

50*490 

6.654 

0.000 

7.631 

35.225 

0. 

100.000 

358.62 

41.38 

o.oo 

58.62 

241.38 

0. 

700. O') 

51.231 

5.912 

0.000 

8.374 

34.483 

o. 

100.000 

362.73 

. 37.27 

0.00 

62.73 

237,27 

0. 

IQO,QO _ 

51.819 

5.324 

O.OGO 

8.961 

33.896 

0. 

100. OOj 

448,97 

25.52 

74.48 

0.00 

2.07 

0. 

551.04 

81.477 

4.631 

13.517 

0.000 

0.376 

0. 

100.000 

442.05 

28.96 

71,01 

0.03 

15.94 

0. 

.  _§  57  *99 _ 

79.222 

5.190 

12.726 

0 .00  6 

2*656 

0. 

100.00 

420.05 

39.66 

59.71 

0*63 

60.53 

0. 

58C.58 

72.350 

6.831 

ID. 284 

0.109 

10.426 

0* 

100,00" 

380.82 

56.73 

37,55 

5.72 

144.08 

_  .0, 

.  6?4*9.& _ 

60.941 

9.0  78 

6.009 

0.915 

23.056 

0. 

ioo.oo: 

344.61 

6  6.30 

10.91 

22.79 

233.57 

0. 

678,18 

50,814 

9.776 

1.609 

3.36  1 

34.44L 

0. 

100.00) 
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TABLE  F-25B 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAK  REFORMING  ANO  SHIFT  EQUILIBRIA 

STEAM"  REFORMER  FEED  CNH2N  I  100  MOL  C  BASIS)  >  STEAM/C  RATIO,  5,0 


ELEMENTAL  COMPOSITION 

C  I  ATOMS  )  HUTOMSI  atATQHSI  N2(  HOLS } 

100,00  1200,00  500,00  0- 


P I  ATM  1 

CONDITIONS  ANO 

£  QU I L 1 8R I UM 

CONSTANTS 

" 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

TtDEG  F) 

KR 

KS 

KC 

RT 

H2Q 

C02 

CH4 

CO 

H2 

N2 

TOTAL 

MOLS 

MOLS 

HQLS 

MOLS 

MULS 

MOLS 

MOLS 

MOL  PC  MQL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

4.0000 

1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

7.2B58E  00 

340,16 

60.84 

0.99 

38.17 

257.86 

0. 

690.02 

48.732 

8,716 

0.142 

5.469 

36.942 

0. 

100.00-'- 

4. 0000 

1600.00 

8.2139E  02 

B.2439E-01 

4.  0069E-02 

4.2249E  00 

347.04 

53.04 

0.09 

46.87 

252.78 

0. 

699.83 

49.590 

7.5B0 

0.012 

6.697 

36.121 

0. 

100.003 

4.0000 

1800.00 

6. 7984 E  03 

6.0833E-01 

8*  3445E"03 

2.8572E  00 

353.43 

46.58 

0.01 

53.41 

246.55 

0. 

699.98 

50.492 

6. 65^ 

0.002 

7.630 

35.222 

0. 

100.000 

4.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

2.1076E  OC 

358.62 

41.38 

0,00 

58.62 

241,38 

0. 

700. OC 

51.232 

5.912 

U.OUO 

8.374 

34.462 

0. 

100.00^ 

4,0000 

2200.00 

1.0O36E  05 

3.8864E-01 

7.5373E-04 

1.6575E  00 

362.73 

37.27 

0.00 

62.73 

237.27 

0, 

700,00 

51.619 

5.324 

0.000 

8.961 

33.896 

0, 

100-000 

6-0000 

_ 4Q0,.Q.g_ 

_.LL ?41A£-12. 

-4,Q0Q_7.£_A9. 

1j-Q776£  JS> 

.  4.49,1 5_ 

25*42 

74,58 

O.Oj 

1.69 

.0. 

55?*i5_  . 

01.539 

4,615 

13,539 

O.QuQ 

0.307 

0. 

100-000 

6.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0436E  06 

3.7C96E  06 

443.45 

20.26 

71.71 

0.03 

13.13 

0. 

556.58 

79.674 

5.078 

12.884 

0.0U5 

2.359 

0. 

10';.  00) 

6,0000 

800.  Oi 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1  t  >/59E  04 

424,81 _ 37,32 

.  62,1* 

0,49 

5Q„76 

0* 

575*63 

73.809 

6.483 

10.803 

0-006 

8.819 

0. 

lOU.OOO 

6.0000 

1000. ou 

*.9U10E-O2 

3.7523E  00 

6.4774E  01 

2.69596  02 

390.11 

52.71 

42.82 

4.47 

124.26 

0. 

614.37 

63.498 

8.579 

6.969 

0.728 

20.225 

0, 

100. OOJ 

6.0000 

1200.00 

2.6875E  00 

1.97146  00 

3-QQ4_2^__gO. 

.1*83436  D1 

352-70 

6.3, 8  2 _ 16,52 

1.9.  ,.67 

214-27 

0, 

666*97 

52.881 

9.568 

2.476 

2*949 

32.126 

0. 

100.00 

6,0000 

1400.00 

6.3697E  01 

1 .208 1 E  00 

2.7306E-01 

5.0410E  09 

341.52 

60.57 

2.  10 

37.33 

254.28 

0. 

695.80 

49.083 

8.705 

U.301 

5.365 

36.5  1 5 

0. 

100.003 

6.0000 

1600.00 

8.2 1 39 E  02 

8.2439E-01 

4.00696-02 

2.8260E  00 

347.16 

53.03 

0.19 

46.78 

252.45 

0. 

699*61 

49.622 

7.580 

0,028 

6.686 

36.084 

0, 

100.00-'’ 

6. 0000 

1800.00 

6.7984E  03 

6.0833E-01 

8 • 3445E-03 

1.9056E  00 

353.45 

46.58 

0.02 

53.4U 

246,50 

0. 

699.95 

50,496 

6.654 

0.003 

7.629 

35.217 

0, 

100.003 

6.0000 

2000.00 

4.0014E  04 

4.75  L6E-01 

2. 2622E-03 

1.4052E  00 

„3£8..62__ 

41.38 

0-00 

58,62 

241.37 

0. 

699^99 _ 

51.233 

5.912 

0,001 

8.374 

34-482 

0. 

100.009 

6,0000 

2200.00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

1.1050E  09 

362.73 

37.27 

0,00 

62.73 

237,27 

0. 

700.09 

51.819 

5.324 

0,000 

8.961 

33,895 

0. 

100.000 

12.0000 

400.00 

7.9414E-12 

2.071 IE  02 

4.0007E  09 

1.0786E  10 

449.40 

25.30 

74,  7 Q.  . 

..  .0,00 

1.20.. 

Oi 

550.69 

81.620 

4.595 

13.567 

0.000 

0.218 

0, 

100.00  J 

12.0000 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

3.7625E  06 

445.31 

27.34 

72.65 

0.02 

9.40 

0. 

554-71 

60*279 

4.928 

13,096 

0.003 

1.694 

0. 

loo.ooo 

12.0000 

aoo.ou 

2  •  6585E-04 

9.0223E  00 

3.7690E  03 

1.5170E  04 

431.52 

34.08 

65,60 

0.33 

37*28 

0. 

568.80 

75,065 

5.991 

11,533 

0.057 

6.554 

0. 

100.009 

12.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.7345E  02 

403.99 

46.55 

50,54 

2.91 

94.93 

0. 

590.92 

67.454 

7.772 

8.439 

0.467 

15,849 

0. 

100. 00-1 

_ 12,0000 

1200.00 

2.6875E  .00- 

1.9714E  00 

3.0042E  00 

1.5584E  01 

368.80 

58,49 

27.30 

14.21 

176.61 

0. 

645-41 

57,143 

9.063 

4.229 

2.201 

27.363 

6. 

100.00/ 

_ 12-_Q3fiP_ 

1400.00 

6, 36 97 E  01 1,2  03.  IE  M 2jJ3O.6.E“0-1 2^3 3-33E  0Q__ 34 7*03 _ _ 

_  .59,4.7 

6*42  - 

34,04 . 

239,93  - 

0.. 

687,01 _ 

50.512 

6.656 

0,945 

4.955 

34.932 

100.00-9 

12.0000 

1600.00 

S.2139E  02 

8.2439E-01 

4.0069E-02 

1.4380E  OC 

347.80 

52,95 

0.75 

46.30 

250.69 

0, 

698.49 

49,793 

7.581 

0,108 

6.628 

35.890 

0. 

100.  00 

12.0000 

1800.00 

6.7984E  03 

6.0633E-01 

8.3445EH33 

9.5487E-01 

353.53 

46.57 

0.10 

53.33 

246*_2g _ 

0. 

699.81 _ 

50.518 

6.655 

0,014 

7.621 

35.192 

o'. 

loo.boc- 

12.0000 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

7.0284E-01 

358.64 

41.36 

0,02 

58.60 

241.33 

0. 

699.97 

51.236 

5.912 

0,0u2 

8.372 

34.477 

0. 

100. con 

12.0000 

2200.00 

1.8036E  05 

3»8864£-Ql 

— 37*27 _ 

__ _ 0*QQ 

_  62,73 

237,26  .. 

-0, _ 

699.99- 

51.820 

5,324 

0.001 

8.961 

33.095 

0. 

100. OO-^ 
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TABLE  F-26 


product  compositions  from  hydrocarbon  steam  reforming  ano  shift  equilibria 

STEAM  REFORMER  FEED  -  CNHN  100  MOL  C  BASIS),’  STEAM/C  RATIO,  1,0 


ELEMENTAL  COMPOSITION 

CUIOMS)  H  l  A I  OKS  )  0 ( ATOMS  J  N2(MOLS) 

10:.  *00  300 .00  100*00  0* 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P(ATH) 

T ( DEG  F) 

K.R 

KS 

KC 

RT 

H20 

CD2 

CH4 

CO 

H2 

N2 

TOTAL 

mols 

MQLS 

MQLS 

MOLS 

MOLS 

MOLS 

MOLS 

MOL  PC 

MOL  PC  MDL  PC 

MOL  PC  1 

MOL  PC  MOL  PC 

MOL  PC 

l.OL'OO 

1800.0. 

6. 7984E  03 

6.C833E-UI 

3.3445E-03 

7.5952E-03 

0,73 

0.30 

1.03 

98.67 

147.21 

0. 

247.94 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

0.295 

0.120 

0.415 

39.797 

59.373 

0, 

lOC.OQU 

UOOOu 

2000. Of 

4.O014E  04 

4.7516E-01 

2.2622E-03 

2.5313E-03 

0.32 

0.10 

0.42 

99.48 

148.85 

0. 

249.17 

0.  127 

0.040 

0.167 

39.926 

59*739 

0. 

100.000 

i.osqo 

2200.00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

9.9807E-04 

0.15 

0.04 

0.19 

99.77 

149.46 

0. 

249.61 

0.061 

0*016 

0.077 

39.9^9 

59.877 

0. 

100*000 

2*0 uOO 

1800.0 

6.7984E  03 

6.0833E-01 

8.3445E-03 

7.5695E-03 

1.42 

0.58 

2.01 

97.41 

144.56 

0. 

245.98 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

0-579 

0.237 

0.817 

39.599 

58.768 

0. 

100. 000 

2.0l  00 

2030.06 

4.0C14E  04 

4.7516E-01 

2. 2622E-03 

2.5274E-03 

0.63 

0.20 

0.83 

98.97 

147,72 

o*_ 

248.35 

0.252 

0.080 

0.332 

39.853 

59.482 

0, 

100. OOu 

2.0000 

2200. OC 

1.8036E  05 

3.8864E-0L 

7. 53736-04 

9.9731E-04 

0.31 

0.08 

0*38 

99,54 

148-93 

0. 

249,23 

0*122 

0.032 

0*154 

39,937 

59.754 

0. 

100,000 

4, OUUO 

1800  .00- 

6 - 7984 E  03 

6.0833F.-01 

8. 3445E-03 

7. 5200E-03 

2*71 

1.12 

3.83 

95.05 

139. 6J 

0. 

242,34 

CONDITIONS  LEAD 

TO  CARBON  FORMATION- 

1.117 

0.463 

1.580 

39.221 

57*618 

0. 

100.000 

4.0000 

2000 .0/> 

4.G014E  04 

4.7516E-01 

2.2622E-03 

2.5197E-03 

1.23 

0.39 

1.62 

97,99 

145*54 

0, 

246*76 

0*497 

0.159 

0.656 

39*710 

58*979 

0. 

100*000 

4.0000 

2200,00 

1.8036E  05 

3 • 8864E-Q 1 

7.5373E-Q4 

9.9580E-04 

0.60 

0.  16 

0.76 

99.08 

147.87 

0. 

248*48 

0.243 

0.307 

39. 875 

59.512 

6. 

100.000 

6.0000 

1800.0-:- 

6.7984E  03 

6.O833E-01 

8.3445E-03 

7. 47  30E-0  3 

3.87 

1.62 

5.49 

92.89 

135.15 

0. 

239.02 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

1.620 

0,677 

2.297 

38.863 

56.543 

0. 

100.000 

6.0000 

2000. QD 

4.0014C  04 

4.  7516E-01 

2.2 62 2 E- 03 

2.5122E-03 

1.80 

0.58 

2.38 

97.04 

143.44 

0. 

245,24 

0.734 

0.236 

0.970 

39.570* 

5  8.-49  0 

~0. 

100. OOJ 

6  * vC  00 

2200,03 

1.8036E  05 

3.8864E-Q1 

7.5373E-04 

9. 943GE-04 

0.90 

0.23 

1.13 

98.63 

146.84 

0. 

247*74 

0.362 

0*095 

0.457 

39.814 

59.272 

0. 

100,000 

12.OC00 

1800 .OJ 

6.7984E  03 

6.0833E-01 

8.3445E-03 

7. 3452E-Q3 

6.80 

2.92 

9.71 

87.37 

123.78 

0. 

230.57 

CONDITIONS  LEAD 

TO  CARBON  FORMATION. 

2.947 

1.266 

4.213 

37.892 

53.682 

0. 

100,000 

12.0000 

2000. OC 

4  *00 14  E  04 

4.7516E-01 

2-2622E-03 

2.4907E-03 

3.39 

1.11 

4.50 

94.40 

137.62 

0. 

241.01 

1.407 

0*459 

1.865 

39*168 

57,101 

0. 

loo. goo 

12.CJ3J 

2200  .0- 

1.8036E  05 

3.8864E-Q1 

7.5373E-04 

9. 8991E-04 

1.74 

0.46 

2,20 

97.34 

143.86 

0. 

245.60 

0.710 

*  0^187 

0,896 

39.634 

58,573 

0. 

’"lOO. 000 
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TABLE  F-27A 

PRCDUCT  CGPPCS I T IONS  F&CM  HYCRCCAftEOM  STEAM  REFORMING  ANC  SHIFT  EQL I L I ER  I A 

STEAM  REFORMER  FEED  -  CNHN  C  ICG  MOL  C  SASIS).  STEAM/C  RATIO*  2.0 


ELEMENTAL  COMPOSITION 

CIMCMSJ  H I  ATOMS )  ClATCMSJ  N2IFGLS) 
ICC.GC  5CG.0C  20C.CC  C. 


CCNCITICKS  AND 

EQL  II  IBRIliM 

CONSTANTS 

ECUILIERILM 

PRODUCT 

CCMPQSIT ICNS 

P(  ATM) 

TIDEG  F) 

KR 

KS 

KC 

RT 

H2C 

CD2 

CH4 

CC 

h2 

N  2 

TOTAL 

MCLS 

MCLS 

MCLS 

MCLS 

KCLS 

HCLS 

MCLS 

HOL  PC 

MOL  PC 

PC L  PC  1 

HOL  FC  MOL  PC  1 

HCl  PC 

MOL  PC 

l.COOG 

_ 8C0  •  OC 

2 .65  85  £-04 

9.0223E  OC 

3.769CE  C3 

3.6396E  03 

107.28 

45.49 

52.76 

1.75 

27.19 

0. 

244.47 

CONDITIONS  LE AC 

TO  carpcn  formation. 

43.861 

18.6G6 

21,583 

0*715 

15.214 

c. 

100. COC 

l.COOC 

1000. CC 

4.9C1EE-02 

3.7523E  OC 

6.4774E  01 

6. 67 1 IE  01 

85. 7C 

49.93 

35.63 

14,44 

93.03 

0, 

278.74 

30.747 

17,911 

12.763 

5.182 

33,377 

0. 

100. COO 

l.COGO 

1200. or 

2. 66 7  5 E  00 

1.9714E  OC 

3.0C42E  CC 

5.712CE  CC 

68.92 

41.16 

ic.oe 

48.75 

160.92 

c. 

329. e4 

20.895 

12.480 

3.057 

14.781 

48.787 

0. 

icc.cbc 

l.COOO 

14C0.0C 

6. 3697 E  01 

1.2C81E  OC 

2.7306E-C1 

2.3983E  OC 

69.18 

31.55 

0.72 

67*72 

179*36 

c. 

348.54 

19.648 

9.C53 

0.2C9 

19.429 

51.461 

0, 

100. OOC 

l.COOO 

16C0.0C 

,_8.213SE  02 

8.2439E-01 

4 . 0C69E-C2 

1.6445E  OC 

74.23 

25.82 

C.05 

74,12 

175.66 

0. 

349. e9 

21.215 

7.360 

0.015 

21.185 

50.204 

0. 

ICC. COC 

l-COOO 

1800. OC. 

6 .7984 E  03 

6.C832E-01 

8.3445E-C3 

I.24C2E  OC 

78.25 

21.71 

C.01 

78.28 

171.70 

0. 

349.99 

22.370 

6.2C4 

0.002 

22.366 

49.058 

0. 

100.C0C 

l.COOO 

20 CO . OC 

4.0C14E  04 

4.7516E-01 

2.2622E-03 

9.8615E-C1 

91.35 

18.65 

C.OC 

81.35 

168.64 

0. 

350.00 

23.244 

5.328 

t.OCO 

23,244 

48.184 

0. 

lOC.'GOO 

l.ccioo 

2200,00 

1.8C36E  05 

3 ■ 8864E-0 1 

7. 5372E-04 

8. 1772E-01 

83.65 

16.35 

C.00 

83.65 

166.35 

0. 

350.00 

23.9C0 

4.671 

c.oco 

23.900 

47.528 

0. 

100. COC 

2.COOO 

6CO.OC 

2.199CE-07 

3.1479E  01 

1.043EE  CC 

9.3934E  05 

121.66 

39.14 

60. 8C 

0.07 

6.75 

0. 

226*41 

CONDITIONS  LE AC 

TO  CARECN  FGRMATICN. 

53.264 

17.134 

26.617 

0.030 

2.955 

0* 

100. OOC 

2.COOO 

8CC.QC 

2.6585E-04 

9.02226  CC 

3.769CE  C3 

3.7943E  C3 

111.96 

43.43 

55. 4C 

1.17 

27.22 

0. 

239.19 

46.814 

18. 156 

23.162 

0.489 

11,379 

0. 

100. COC 

2.  COOP 

10C0.0C 

4,9CIE_E'02 

3.7523E  OC 

6.4774E  Cl 

6 . 86 1 EE  Cl 

94.32 

48.02 

42,35 

9.63 

70.99 

0. 

265.31 

35.552 

18*101 

15.961 

3.630 

26.756 

c. 

IOC. COC 

2. COCO 

12C0.0C 

2.6G7EE  00 

1.9714E  OC 

3.0C42E  OC 

4.5278E  CC 

76.43 

42.63 

19.06 

38.32 

135.45 

0* 

311.88 

24.5C8 

13.667 

6.111 

12.285 

43*429 

0. 

IOC, COO 

2.C000 

14C0.0C 

_ 6 *369  7 E  01 

1.2C81E  CC 

2. 730CE-0 1 

1. 2901 E  OC 

70.58 

32.01 

2.59 

65.40 

174.24 

0. 

344.62 

20.469 

9.262 

0.751 

18.967 

50.531 

'“'oY' 

100. COC 

2 .0000 

1600. OC 

8.2135E  02 

8.2439 E- 01 

4.Q069E-C2 

6. 27CSE-Q  1 

74.35 

25,86 

0.21 

73.93 

175.22 

0. 

349.57 

21.269 

7.398 

0.061 

21.148 

50.124 

0. 

100. COC 

2 .0000 

1BCQ.CC 

__  6.7984E  03 

6  *08336-0 1 

8.3445E-03 

6. 2C 5  IE-01 

78.31 

21.72 

0.02 

78.26 

171*65 

0. 

349.95 

22.376 

6.206 

o.on 

22*362 

49,048 

‘  0.  *' 

TGOVCOC' 

2  *COQO 

2OC0.OC 

4.0C14E  04 

4.7516E-01 

_2*  262  2  £-03 

4  •  9_31 2E-Q 1 

81.36 

18.65 

o.oc 

61.35 

168.64 

0* 

349.99 

23,245 

5.328 

0.0C1 

23.243 

48.183 

0. 

IOC. COC 

2.C00C 

2200. OC 

1.8036E  05 

3.8864E-01 

7 . 537  3E-G4 

4.0887E-01 

83.65 

16.35 

C.OC 

83.65 

166.35 

0* 

350.00 

23.9C1 

4.671 

0.000 

23.900 

47.528 

0. 

100. OOC 

A .COOC 

6CC .00 

2.199C  E-Q7 

3.1479E  01 

_1.043fE  Cfc 

9.4863E  C5 

122.62 

38.67 

61,29 

0.05 

4.81 

0. 

227.43 

CONDITIONS  LE AC 

TO  CARECN  FORMATION. 

53.917 

17.0CI 

26.948 

6.021 

2.113 

0. 

IOC. COO 

4. GOOD 

SCO .OC 

2.6585E-04 

9.0222E  OC 

3.769CE  C 3 

3.9193E  03 

115.53 

41.84 

57.37 

C.79 

19.74 

0. 

235.27 

49.  K4 

17.764 

24.384 

0.337 

8.39C 

0. 

100. COC 

4.C00Q 

10C0.0C 

_ 4_.  90 18  E- 02 

3 .7523 E  00 

6.4774  E  Cl 

7.1309E  01 

101.63 

45.96 

47,61 

6.41 

53.15 

0. 

254.78 

39.889 

18.047 

18.687 

2.515 

20.661 

0.  " 

iob.ooo 

4.CG00 

1200.00 

2.6875  E  00 

1.9714E  00 

3.0C42E  CC 

4.0758E  OC 

85.08 

43.49 

28.56 

27.95 

1C7.8C 

0. 

292.87 

29.049 

14,848 

9.753 

9.543 

36.8C7 

0. 

IOO.OCC 

4.COOO 

14CO.OC 

_  6*3697E  01 

1.2G81E  OC 

2.7306E-C1 

7.870CE-01 

74.29 

33.15 

7,44 

59.41 

160.63 

0* 

335*12 

22. 168 

9.893 

2.220 

17.727 

47.992 

0. 

10O.000 

4.CC0C 

1600. OC 

8.2135E  02 

8.2439E-01 

4 • 0C6SE-C2 

4. 229EE-01 

74.81 

26.01 

0,82 

73.17 

173-54 

0. 

348.36 

21.476 

7.465 

0,236 

21.0C5 

49.818 

0. 

100.000 

4.0000 

18C0.0C 

6.7984E  03 

6.0833E-01 

8.3445E-03 

3. 11C7E-01 

78.36 

21.73 

0.1C 

78.17 

171.44 

0. 

349.81 

22.4C2 

6.213 

0.028 

22.346 

49.011 

c.' 

lOO.COC  ~ 

4.CC0C 

20C0.0C 

4 .OC 14 E  04 

4.75 16E-C  1 

2.2622E-C3 

2.4664E-01 

81.37 

18.65 

0,02 

81.33 

168.6C 

0. 

349.97 

23.249 

5.329 

0,004 

23,240 

48.177 

0. 

lOO.COC 

4.C000 

zzca.o*: 

1.8C36E  05 

3.8864E-01 

7. 5373E-0* 

2.0445E-01 

83.65 

16.35 

0,00 

83.65 

166,34 

0. 

349.99 

23.9C2 

4-671 

O.OCl 

23.9C0 

47.526 

0. 

lOO.COC 
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TABLE  F-27B 

PRtPUO  CCMPCSI t JONS  FFCM  HYlRCCAR60N  STEAM  REFORMING  ANC  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CNHN  (100  MOL  C  BASIS),  STEAM#  RATIO,  2.C 
ELEMENTAL  CGKPCSITlDIv 

ClATCMS)  HIATCMS)  CIATCMSJ  N2(MCL$) 

KC.Ci.  SC  Ci  *00  20C.OC  C-  — 


CCNCITICKS  AND 

EQLlLIBRlliK 

CONSTANTS 

ECUl L I HRILM 

PRODUCT 

ClMPDSIUCNS 

P  (ATM) 

T ( DEG  F) 

KR 

KS 

KC 

RT 

H20 

CC2 

CH4 

CO 

H2 

N2 

TOTAL 

MCL  S 

MCLS 

MCLS 

MCLS 

MCLS 

MCLS 

MOL  5 

MOL  PC  KOL  PC  MCL  PC  MGL  PC  MOL  PC  MOL  PC 

MOL  PC 

6  ,CCOO 

600 .OC 

2.199CE-07 

3.1479E  Cl 

1,C438E  06 

9.5285E  05 

123.05 

3  8.45 

61,51 

0.04 

3.94 

0, 

226-99 

COAOITICKS  L£AC 

TO  CARECA  FORMATION. 

54,211 

16.941 

27.097 

0.017 

1.734 

0. 

100.C0C 

6.C00C 

800. OC 

2.6585E-04 

9-Q223E  OC 

3.769CE  C3 

3.9795E  C 3 

117.16 

4  1 . 1 G 

58.27 

0.63 

16. 3C 

0. 

233.47 

50.184 

17.604 

24.956 

0.272 

6.984 

0. 

lOC.OOC 

6 .  CuQO 

lOCO.OC 

4.9O1EE-02 

3.75236  00 

6.4774E  01 

7.29CCE  01 

105.25 

44.85 

50.09 

5.06 

44.57 

0, 

249.81 

42.130 

17.952 

20.052 

2.026 

17.840 

0. 

100. COC 

6.CG00 

1200. OC 

2.68756  00 

L.9714E  CC 

3.GC426  CC 

3. 9696 E  OC 

90.06 

43. 6C 

33,65 

22.75 

92.63 

0, 

282.69 

31.857 

15.422 

11.9C5 

8,047 

32.768 

0.  ' 

IOC. COC 

6.C0Q0 

14C0.0C 

6.3651E  01 

1.2C81E  OC 

2,73C6E-G1 

6.40C1E-01 

77.82 

34.lt 

11.98 

5  3.86 

148.22 

0. 

326. C4 

23.868 

10,478 

3.675 

16.519 

45.46C 

0. 

100. COC 

6. COCO 

1600. OC 

8.213SE  02 

8.2439E-01 

4.OQ69E-02 

2.9iaeE-oi 

75.52 

26.22 

1.74 

72.03 

171. OG 

0. 

346,52 

21.753 

7.568 

0.5C2 

20.788 

49.349 

c. 

1CC.CCC 

6._C_0C0 

lacc.oc 

6 , 79  E4  E  03 

6.0833E-01 

E.3445E-03 

2.0827E-01 

78.45 

2 1 . 7fc 

0.22 

78.02 

171.  U 

o. 

349.57 

22.443 

6.225 

C.062 

22.320 

48.95C 

0. 

IOC .COO 

6.CCQ0 

2GCO.GO 

4.0C14E  04 

4.75UE-01 

2.26226-03 

1.6456E-01 

81.38 

18,65 

C.Q4 

81.31 

168. 55 

c. 

349,93 

23.256 

5.331 

0.010 

23.236 

40.166 

0. 

100. COO 

6*  COCO 

2200. OC 

1.80366  05 

3.8864E-01 

7.5372E-0* 

1.36326-01 

83.66 

16.35 

0.01 

83.64 

166.33 

0. 

349.99 

23.903 

4.672 

0.002 

23.899 

47.524 

0. 

lOC.OOC 

12.COOO 

600. GC 

2.199CE-07 

3.1479E  01' 

1.043EE  06 

9.5846E  05 

123.62 

38.18 

61.79 

0.03 

2,79 

c. 

226.41 

CCNDITICNS  LEAC 

TO  CARfcQN  FORMATION,  j 

54,598 

16.862 

27*293 

0.012 

1.234 

c. 

IOC. COC 

12.  a;  qo 

_ see. or 

2.6565E-04 

9 .02236  OC' 

3.769CE  03 

4.0629E  OJ 

119.36 

40. 1C 

59.46 

0.44 

11.71 

0. 

231. C7 

51.657 

17.354 

25. 734 

0.189 

5.C67 

c. 

IOC. COC 

12.C000 

lOCO.OC 

4,90166-02 

3.7523E  OC 

6.4774E  01 

7.  54  5  IE  01 

110.36 

43.12 

53.48 

3.4C 

32.67 

0. 

243.04 

45.410 

17.741 

22.0C5 

1.4CC 

13.444 

c. 

100. COC 

12. COO 0 

1200. OC 

2.6875E  OO 

1.9714E  OC 

3.0045E  OC 

3.9202E  OC 

97.84 

43.23 

41.08 

15.69 

70,00 

0. 

267.84 

36.530 

16,141 

15.336 

5,858 

26.135 

c. 

10C.CCC 

12.CCCQ 

14C9.0C 

6.3697E  01 

1.2C816  OC 

2, 730 6 E-0 1 

5, 10956-0 1 

85.42 

36.05 

21-47 

42^49 

121.65 

0. 

307, C7 

27.818 

11.739 

6,991 

13.837 

39,615 

0. 

100. coo 

12.C00J 

16CG.0C 

8.213SE  0.2 

8*  2439  E-Q 1 

4.0C69E-G2 

1.68356-01 

78.35 

27. 1C 

5.45 

67,45 

160.75 

c. 

339,10 

23.1C6 

7.992 

1.608 

19.890 

47.4C4 

0. 

100. COC 

12  »C  COO 

18C0.0C 

6.7904E  03 

6.08  33  E-0 1 

8.3445E-03 

l.C64eE-01 

78.93 

21.90 

0.83 

77,27 

169.41 

0. 

348.34 

22.659 

6.267 

0.239 

22.182 

49.633 

c. 

100. OOC 

12.L0QG 

2000. CC 

4.GC14E  04 

4.751CE-01 

2.2622E-C3 

8.25  8  4E-Q2 

81.46 

18.68 

0.14 

81.13 

168.26 

c. 

349.72 

23.294 

5.340 

0.040 

23.214 

40.112 

c. 

ICO. COO 

12. COCO 

22CO.OO 

1  ,80  3d  E  05 

3.8S64E-QI 

7.5373E-04 

6.82HE-G2 

83.66 

16.35 

0*03 

83.62 

166.26 

c. 

349,94 

23. 9U 

4.674 

0.QC9 

23.894 

47.512 

0. 

100. GOC 
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TABLE  F-28A 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CNHN  (100  MOL  C  BASIS),  STEAM/C  RATIO,  3.0 
ELEMENTAL  COMPOSITION 

CIATOMS)  H ( ATOMS!  O(ATOMS)  N21H0LS) 

IGo.OO  7v*0 .00  300. OC  0. 

COMO ffl on's  AND  EQUILIBRIUM  CONSTANTS  EQUILIBRIUM  PRODUCT  COMPOSITIONS 


P( ATM) 

T  t DEG  FJ 

KR 

K$ 

KC 

KT 

H2Q 

C02 

CH4 

CD 

H2 

N2 

TOTAL 

MDLS 

MDLS 

MOLS 

MDLS 

MOLS 

HOLS 

MOLS 

MOL  PC  i 

MOL  PC  MOL  PC  1 

MOL  PC  1 

MOL  PC  1 

MOL  PC 

MOL  PC 

1  *  OvOG 

400.00 

_?;.9414E-12 

2.07116 

02 

4. 0007 E  09 

4.8933E 

09 

224.03 

37.99 

62.01 

0.00 

1.95 

0, 

325,9 

68.726 

11.653 

19.024 

0.000 

0.597 

0* 

100.000 

1.0000 

600.00 

2  •  199GE-07 

3.1479E 

01 

1.0438E  06 

1, 665  lb 

06 

217.51 

41.20 

58.71 

0.09 

15.07 

0. 

332.58 

65.400 

12.386 

17.653 

0.027 

4,5  32 

0. 

100. OOj 

1.0000 

800.00 

2.6585E-04 

9.0223C 

00 

3.7690E  03 

6.6616E 

03 

197.01 

50.67 

47.69 

1.64 

57.61 

0. 

354.63 

55.555 

14.289 

13.447 

0.463 

16.246 

0. 

IOC. OOP 

1 .GOOD 

1000. O1, 

4.9018E-02 

3.7523E 

00 

6.4774E  01 

1.3666C 

02 

164.32 

61.16 

25.48 

13.36 

134.72 

0, 

399.04 

41.178 

15.326 

--6.385 

3.349 

33.762 

0. 

100.00 ) 

X.0000 

12 00. GO 

2.6875E  00 

L-9714E. 

00 

3.0042E  03 

1.6767E 

01 

146.48 

57.32 

3.80 

38,89 

195.93 

0. 

442  ■  4_1 _ 

33. 110 

12.955 

0.858 

8.790 

44.287 

0. 

100.000 

l.CDOO 

1400.03 

6.3697E  01 

1 .20816 

00 

2.7306E-01 

8.0924U 

0  ) 

152. 10 

48-10 

0.20 

51.70 

197.49 

0* 

449.59 

33,831 

10. 699 

0.045 

11.498 

43.927 

0. 

100,000 

1.0000 

1600,00 

8.2139E  02 

8.2439E- 

-01 

4.0069E-02 

5.2304E 

0“ 

159.25 

40.76 

0.02 

59.22 

190.72 

0. 

449.97 

35. 391 

9.059 

0.003 

13.161 

42.305 

0. 

100.000 

l.COOO 

1800.00 

6.7984E  03 

6.9833E- 

-01 

8.3445E-03 

3. 75  84  E 

00 

164.86 

35, 14 

0.00 

64.86 

185.13 

0. 

450.00 

36.637 

7.808 

0.000 

14.414 

41.141 

0. 

lOO.OO'T 

l.OCOO 

2000.00 

4 * 30 14 E  04 

4  ■  75 1 6Ej 

-01 

2. 2622E-03 

2.8915E 

00 

169,22 

30.78 

0.00 

69.22 

180.78 

0. 

450.00 

37,604 

6.841 

o.boo 

15.381 

40.174 

0. 

100. OOu 

1.0000 

2200.00 

1.8036E  05 

3.8864E- 

-01 

7.5373E-04 

2. 3439E 

00 

172.57 

27.43 

0.00 

72*57 

177.43 

0, 

450.00 

38.349 

6.096 

O.OUj 

16.126 

39,429 

◦  . 

100.000 

2.0000 

400.00 

7 .94 14  E“ 12 

2.0711E 

02 

4.0007E  09 

4.8663E 

09 

224. 31 

37*84 

62.16 

0.00 

1.38 

0. 

325.69 

68. 073 

11.620 

19.084 

0.000 

0.423 

0. 

100*000 

2.0 JOG 

60u>  .00 

2, 1 99QE-07 

3.1479E 

01 

1.04386  06 

1.6883E 

06 

219,63 

40.15 

59.79 

0.06 

10.79 

0. 

330.43 

66.470 

12.151 

18.093 

0.019 

3*267 

0. 

100. 000 

2.0000 

eoo.oc 

2.658SE-04 

9.0223E 

00 

3.  769  CE_  03 

6.8717 6 

03_ 

204.27 

47.32 

51.59 

1,09 

42.56 

0. 

346-83 

58.896 

13.644 

14*874 

0,315 

12.271 

0. 

i  do*.  6  oo 

2.0000 

1000. ov 

4.90I8E-G2 

3.7523E 

00 

6.4774E  01 

1.  320  5E 

02 

176.74 

57.09 

33.82 

9.09 

105.61 

0. 

382.35 

46.224 

14,930 

8.846 

2.378 

27.622 

0. 

100.000 

2.0000 

J 200. 00 

2.6875E  00 

1.9714E 

00 

3.004 2 E  OC 

1.0952E 

01. 

153.00 

56.80 

9.80 

33.41 

177.41 

0. 

430.41 

35.547 

13.196 

2.276 

7.762 

41.219 

G»* 

100.000 

2.0U0O 

1400. OC 

6.3697E01 . 

1.208, IE. 

00 

2, 7306 E- 01 

4. 1345 G 

Ou. 

152.66 

48.13 

.  0.78 

51.09 

195.78 

0. 

448.43 

34.042 

10.732 

0.175 

11.393 

43,650 

0. 

100.000 

2.CD00 

1600.00 

8.2139E  02 

fl,2439F- 

-01 

4.0069E-02 

2.6195E 

Ou 

159.29 

40*77 

0.06 

59.17 

190.58 

0. 

449.88 

35.408 

9.062 

0.014 

13.152 

42.364 

0. 

100.000 

2.0000 

laoo.oc- 

6.7984E  03  _ 

6  .j0833J- 

-01 

8.344 5E- 03 

1.6796E 

SU- 

164.67 

35.14 

0.01 

64.85 

185.12 

0. 

449.99 

36.639 

7.809 

*0.002' 

14*413 

41.138 

0. 

100.000 

2 .0000 

2000. Ou 

4.0014E  04 

4.75L6E- 

-01 

2.2622E-03 

1.4458E 

oo 

169.22 

30.78 

0.00 

69.21 

180.78 

0. 

450.00 

37.604 

6.841 

0.000 

15.381 

40. 174 

0. 

100.000 

2 .0 JOO 

2200.00  _ 

U8036E05 

3.8964E- 

*01 

7.5373E-04 

I. 172QE 

ov\ 

172.57 

27,43 

0.00 

72.57 

177.43 

0. 

450. on 

38.349 

6*096 

0.000 

16.126 

39.429 

0* 

loo. boo 

4.COQO 

400.00 

7.9414E-12 

2.0711E 

02 

4.0007E  09 

4. 8783E 

09 

224.51 

37.74 

62.26 

0.00 

0.90 

0, 

325.49 

68.977 

11.596 

19.127 

0.000 

0,300 

0. 

10G .000 

_ 4.CG00 

_ 600.03 

2.i9_9CE-07 

3.1479E 

01 

1.0438E  06 

1. 705  IE 

06 

221.17 

39.39 

60.56 

0-04 

7.70 

0. 

328.87 

67.251 

11.970 

18.416 

0.013 

2.342 

0. 

100.000 

4.0000 

800.00 

2.6585E-04 

9.0223E 

00 

3.769CE  03 

7.0610E 

03 

209.82 

44.72 

54.54 

0.73 

31.10 

0* 

340.92 

61.545 

13.119 

15.998 

0.216 

9.122 

0. 

100, OOU 

_ A. CO 00 

1000.03 

4. 90 186-02 

3*75231= 

00 

6.4774E  01 

I.3237E 

02 

187.73 

53.10 

40,82 

6.08 

80.63 

0. 

368.35 

50.963 

14.415 

11.083 

1.65C 

21.389 

0. 

lOO.OOfl 

4.0000 

1200.00 

2.6675C  00 

1.9714E 

00 

3.0042E  OC 

8.5665E 

OC 

163.07 

55.53 

18.60 

25.87 

149.73 

0* 

412.80 

39.503 

13.453 

4.506 

6,266 

36.272 

0* 

100.000 
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TABLE  F-28B 

PRCOUCT  COMPOS I T  IONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUlLJ&RU 

STfcAM  REFORMER  FEED  -  CNHN  (100  MOL  C  BASIS],  STEAtf/C  RATIO,  3.0 
ELEMENTAL  COMPOSITION 

C( ATOMS  I  H(ATOMS)  0| ATOMS  I  N2(HQLSI 

lCU .  0L‘  TO^.OG  300. OC  0. 


CONDITIONS 

ANO 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

PIMM) 

TtOEG  F ) 

KR 

KS 

KC 

RT 

H20 

C02 

CH4 

CQ 

H2 

N2 

TOTAL 

HOLS 

HOLS 

MQLS 

MOLS 

mols 

MQLS 

MOLS 

MOL  PC 

MOL  PC 

MOL  PC 

MOL  PC 

MOL  PC  i 

MQL  PC 

MOL  PC 

4 .C  L 00 

1400.0. 

6.3697E 

01 

l < 2081E  00 

2. 7306E-0 1 

2.22&3E  O' 

154.56 

48.21 

2.76 

49.03 

189.92 

0. 

444.47 

34.773 

10.646 

0.622 

11.031 

42.729 

0. 

100. oos 

4.00 JO 

1600.00 

8.2139E 

02 

8.2439E-01 

4.0069E-02 

1.31825  OC 

159,46 

40.79 

0.24 

58.97 

190.' 5 

0. 

449.51 

35.474 

9.074 

0.054 

13.118 

42.230 

0. 

1 00.00'.! 

4 . ccoo 

1800. C„ 

6. 79 84 E 

03 

6.0833E-0 1 

8.344  5E-C3 

9. 4047E-01 

164.89 

35.14 

0.03 

64.83 

185.05 

0, 

449.94 

36.647 

7.810 

0  «  006 

14.409 

41.128 

0* 

lOO.OOrt 

4.0C  00 

2000. OC 

4.0014E 

04 

4.7516E-01 

2.2622E-03 

7.2299E-01 

169.22 

30.78 

0.00 

69.21 

180.77 

0. 

449.99 

37*605 

6.841 

0.001 

15.380 

40.172 

0. 

100.000 

4. CO 00 

2200*0- 

1.8036E 

in 

o 

3 .8864E-01 

7.5373E-04_ 

5.8600E-01 

172,57 

27.43 

G.  00 

72.57 

177.43 

0. 

450.00 

38.349 

6.096 

0.000 

16. 126 

39.429 

0. 

100.009 

6.C-L0J 

400.00 

7.9414E 

-12 

2.071  It  .02 

4.0007E  09 

-A.8615F._09 

224.60 

37.70 

62.30 

0.00 

0.80 

0. 

32  5*4y__ 

69.024 

11,585 

19.  U6 

0.000 

0.245 

0. 

10C.0C 

6*  Ot»  00 

600.00 

2.199CE 

i 

o 

-j 

3.1479E  01 

1.0438E  06 

1.7129E  06 

221.86 

39.05 

60.91 

0.04 

6.31 

0. 

328.17 

67.604 

11.900 

18.561 

0.011 

1*924 

0. 

lOO.OOO 

6.C0QQ  800.01-  2.6585E-04  9.0223E  QO  3.769CE  03  T.1S81E  03 _ 2J2.40  „  4  3.51  .55. 91. . 0,_59_  25.78  0.  338.18 

62*  807  12.865  16.532  0.173  7*623  0.  100.000  ' 


6. GOOD 

1000.0 J 

4.9018E-02 

3.7523E  00 

6.4774E  01 

1.3363E  02 

193.29 

50.96 

44,25 

4.79 

68.22 

361.^1 

53*467 

14,097 

12.240 

1.326 

18*871 

C. 

100.00-^ 

6 • 0000 

1200.00 

2.6875E  00 

1.9714E  00 

3.0042E  OC 

7.9088E  Or 

169,73 

54*40 

24.  14 

21.46 

132.00 

0. 

401,73 

42.250 

13.542 

6.008 

5.342 

32.857 

0. 

ioc. oo  ■ 

6.0000 

1400. OC 

6.3697E  01 

1.2C81E  00 

2.7306E-01 

L.6386E  OC 

156.98 

48*28 

5.26 

46*46 

182,49 

0. 

439.47 

35.721 

10.986 

1.198 

10,571 

41.525 

0. 

100.00^ 

6.COOO 

1600 .OC 

8 .21 39 E  02 

8.2439E-01 

4. 0069E-02 

8.8796E-01 

159.73 

40.82 

0.54 

58.64 

189*19 

0. 

448.92 

35.580 

9,092 

0.120 

13.063 

42. 144 

0. 

IOC. 000 

6 .  00 

1800. Ol 

6, 7 9 64 E  03 

6.0833E—01 

8.3445E-03 

6.2775E-01 

164,92 

35*15 

0.07 

64.79 

184,95 

0. 

449.87 

36,659 

7*812 

0.014 

14.402 

41.112 

0. 

100.000 

6.0000 

2000,00 

4.0014E  04 

4.7516E-01 

2.2622E-03 

4.82Q9E-01 

169.23 

30.79 

0.01 

69.20 

180.75 

0. 

449.98 

37.607 

6*842 

0.002 

15.379 

40,169 

0. 

lOO.OQv 

6. 00 00 

2203.00 

1.8036E  05 

3.8864E-01 

7.5373E-04 

3. 9G68E-01 

172.57 

27.43 

0,00 

72.57 

177.42 

0. 

450.00 

38.350 

6.096 

O.Oyl 

16.126 

39.428 

0. 

100.000 

12.  wviOi/ 

400.00 

7 .941 4 E~ 12 

2.071  IE  02 

4.0007E  09 

4.8692E  09 

224.72 

37.64 

62.36 

0.00 

0.56 

0, 

325.28 

69.084 

11.572 

19. 171 

0.000 

0.  173 

0. 

100.000 

12.CO00 

60&  *00 

2.199CE-07 

3.1479E  01 

1.0438E  06 

1.723&E  06 

222.77 

33.60 

61.37 

0.02 

4.49 

0. 

327.26 

68.071 

11.796 

18.753 

0.008 

1.372 

0. 

100.009 

12-CCOJ 

800. OC 

2.6585E-04 

9.0223E  00 

3. 7690 E  03 

7.2992E  03 

215.90 

41.65 

57*75 

0.40 

18.61 

0. 

334,50 

64.542 

12.512 

17,264 

0.120 

5.563 

0. 

lOO.OC-' 

12 .  CvOC- 

ICOO.CC 

4 .90 1 8E“02 

3.7523E  OC 

6.4774E  01 

1.3654E  02 

201.28 

47.76 

49*04 

3.20 

50.65 

0. 

351.93 

57.193 

13.571 

13.934 

0.910 

14. 392 

0. 

100.000 

12.0jQv 

12QQ.0,- 

2.6875E  00 

1.9714E  OC 

3.0042E  00 

7.3788E  Ov 

180.99 

52.00 

32*98 

15,02 

103.05 

0. 

384.03 

47.128 

13*540 

8.589 

3.910 

26.833 

0. 

■  100.000 

12.0000 

1400.00 

6.3697E  01 

1.2081E  OO 

2.7306E-01 

1.1L3.JE  On. 

164. 14 

48.32 

12.46 

39.22 

160.94 

0, 

425.08. 

38.614 

1  1.368 

2*931 

9.226 

37.861 

0. 

100.000 

12.U90J 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

4.6T30E-01 

161.03 

40.95 

1.98 

57.07 

185.02 

0. 

446 .C  4 

36.101 

9.181 

0.443 

12.795 

41.479 

0. 

100.000 

1  2 .  OC  0  j 

180  3  .3i- 

6.7984E  03 

6.0833E-01 

8.3445E-03 

J.i592e-01 

165.09 

35.17 

0.26 

64.57 

184.40 

0, 

449.49 

36*728 

7,824 

0.057 

14.366 

41.024 

0. 

LOO.OOO 

12. CuQ  j 

2000. Qu 

4.0014E  04 

4.7516E-01 

2.2622E-33 

2.4130E-01 

169,25 

30.79 

0.04 

69.17 

180-66 

0. 

4.49.91 

37.619 

6.843 

0.013 

15*373 

40.155 

0.  ' 

100.00) 

12* 00 Cv 

2200.00 

1  * 80 36 E  05 

3.8864E-01 

7.5373E^04 

1, 9 539E-0 1 

172.58 

27.43 

O.Ql 

72.56 

177.40 

0. 

449.96 

38.352 

6.096 

0  *  002 

16.125 

39.425 

0. 

iOC.OOO 
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TABLE  F-29A 


PRODUCT  COMPOSITIONS  f HUM  HYCxr.CARhON  STEAM  HCFiiRKI  iG  ANU  ShIFT  EOUlLldRIA 

ST^AM  REFORMER  FEED  -  CNHu  t  l.iO  MUL  L  tiASIS),  STEAM/C  R*TlL»  A.  ‘ 
ELFMEN1AL  COhPtStTHlN 

C  {  A  t  LhS  )  H(ATOMS»  .  01  ATLAS  I  N2M0LS) 
l^'.On  9  C.G3  40G.DC 


ClMOlflONS  AND 

fcQuiLieiuuM 

CONSTANTS 

E'JUlUOlRiUK 

PRODUC  r 

CG?-iPGbir  IONS 

PIAI MJ 

f IDEG  FI 

KK 

KS 

KC 

rtT 

H20 

CU2 

CH4 

cn 

H2 

N? 

TUTAL 

MGLS 

HOLS 

HOLS 

MOLS 

MLLS 

MULS 

HOLS 

MUL  PC  MOL  PC  PCL  PC  MOL  PC  MOL  PC  MDL  PC 

MUL  PC 

i  .  J--Jj 

4o0  *L 

7.9414E-12 

2.-.7UC  02 

4.0  K*  If-  09 

?•  v  2  3  7t- 

09 

323.67 

3  6.17 

61.83 

o.r  , 

2,67 

426.  4 

75.918 

8.952 

14. 5j3 

0.0  00 

S' .  6  2  6 

C. 

10 j  •  00 

l.CCQj 

6-j  j.or 

2.l99.,:-Q7 

3.1479E  01 

1. -J436E  Ofc 

2.3996b 

06 

314.81 

42.55 

57.36 

0.09 

2u  *46 

r( 

4  J5  •  27 

72.325 

9,775 

13. 179 

rt.02J 

4.7uU 

•j. 

1 00.00, 

1  •  v.  -  Du 

3l0  *  0  1 

2.6585E-04 

9.0223E  01 

3.769CE  03 

9  •  b'jOs: 

03 

287.82 

55.28 

43,  10 

1.62 

75.98 

463*80 

62.C57 

l 1.919 

9.293 

C*.  349 

1 6 , 3  tj  2 

c. 

100. CG 

1  •  vhjQu 

1000.  ill* 

4.00iet-02 

3.7523F  01 

6.4774E  01 

2.3111E 

02 

248.08 

69.73 

17.81 

12.46 

166, 33 

0  ■ 

514.38 

48,228 

13.557 

3*  4u2 

2.422 

32.3  n 

0, 

100.00-, 

1 .000 J 

1200. CO 

2 .68  75  E  00 

1.9714E  01 

3. 0042 E-  O'- 

3*82646 

01 

234,20 

67.38 

1.58 

31.03 

212.63 

0. 

546.83 

42.829 

12,323 

0.290 

5.675 

33.884 

0. 

ICO. CO' 

l.Ul-00 

1400.01 

6.3697b*  Oi 

1.20S1E  00 

2.73066-01 

1.85616 

01 

241.74 

58.35 

o.oa 

41.57 

208.10 

0. 

549.84 

43.965 

10.611 

0.015 

7.561 

37.848 

0. 

100.00. 

l.O-o  J 

1 buu .00 

1.2130c  02 

8.2439E-01 

4.0G69E-92 

1.14166 

01 

249.39 

50.61 

0.01 

49.38 

200.59 

0. 

549.99 

45.345 

9.203 

0.001 

8.979 

36.472 

0. 

100.00  .■ 

i.o:oo 

1800-00 

6.7984E  03 

6.0833E-01 

8. 34456*03 

7.9145b 

Oo 

255-57 

44.43 

OoOij 

55.57 

194.43 

0. 

5  5  0  ■  u  C* 

46.467 

8.079 

O.OCrtJ 

10. 1G3 

35,351 

0, 

100. 00-'* 

I  ■  (j  jOO 

2000.01 

4.0O14E  04 

4.7516E-01 

2-26226-03.. 

5.9384E 

0-J 

260.49 

39.51 

0.00 

60.49 

109.51 

0. 

550,00 

47.362 

7.183 

0.00'i 

10.998 

34,456 

0. 

100.00  • 

1,000 J 

2200.0- 

1.8036E  05 

3.8864E-01 

7.537  3E-04 

4.72926 

O', 

264.37 

35.63 

G.  00 

64.37 

185.63 

9. 

550.00 

48.067 

6*478 

0.000 

11.704 

33.751 

G. 

100,00  - 

2 • 000  J 

400.00 

7.9414E-12 

2.07116  02 

4.0007E  09 

7-08856 

09 

324.05 

37.97 

62.03 

0.00 

1.89 

c. 

425,95 

76.079 

'8.915 

14.562 

0.000 

0.444 

G. 

100.003 

2  •  U  v"  0  0 

600.00 

2.1990E-07 

3.1479E  01 

1.0438E  06 

2-4326E 

06 

317.68 

41.13 

58.01 

0.06 

14.70 

0. 

432.38 

73.473 

9.512 

13.601 

0.014 

3.40  0 

0. 

lOO.OOu 

2 .00 00 

800.00 

2.6585E-04 

9.0223E  00 

3^76906  03 

9 . 991 uE 

03 

297.20 

50. B6 

48.06 

1.07 

56.67 

0. 

453,87 

65.482 

ii.206 

10.590 

0,237 

12.485 

0. 

1 00. 003 

2.0C0 j 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

2.07346 

02 

262.32 

64.45 

26.77 

8.78 

134.15 

0. 

496.47 

52.836 

12.982 

5.391 

1.769 

27,021 

0. 

100.00 

2.0000 

1200-00 

2-6875E  00 

1.9714E  00 

3.0042E  OO 

2*20996 

01 

238.49 

66.50 

4.99 

28,54 

201.52 

0. 

540.01 

44.164 

12.315 

0.925 

5.279 

37.318 

0. 

100.00-- 

2,0000 

1400  * 0  -■ 

6.J697E  01 

1.2Q81EOO 

2 .73066-01 

9, 36276 

00 

242.00 

58.32 

C.  32 

41.36 

2U7.37 

0. 

549.37 

44.050 

10.616 

0.058 

7.529 

37.747 

1 00.00  :■ 

2.CC-00 

1600.00 

8.213SE  02 

6  .24396-01 

4.0069E-02 

5.71166 

00 

249.41 

50.61 

0.03 

49.36 

200.54 

0. 

549.95 

45.352 

9.203 

0.005 

8.976 

36.464 

0. 

100.00' 

2.0000 

mo.  oo 

6. 7984 E  03 

6.Q833E-01 

8.34456-03 

3.95766 

00 

255-57 

44.43 

0.0J 

55.56 

194.42 

0. 

549.99 

46.468 

8.079 

G.OOl 

10,103 

35.350 

0. 

100.00' 

2(0000 

2000. OC 

4.0014E  04 

4.7516E-01 

2.26226-03 

2-9693F 

0^ 

260.49 

39.51 

0.00 

60.49 

169.51 

0. 

550.0C 

47.362 

7.183 

0.000 

] G, 998 

34.456 

0. 

100,00.* 

2.  CO 00 

22CO.O- 

1.393fcE  05 

3.S864E-01 

7.53736-04 

2.36466 

0-J 

264.37 

35.63 

O.Ou 

64.37 

165.63 

c. 

550.00 

48.067 

6.478 

0.000 

11.704 

33.751 

0, 

IOC. GO:. 

4.CC00 

400. CO 

7 •  9414  H-12 

2 .07116  02 

4.00Q7E  09 

6.9867C 

0? 

324.33 

37.83 

62.16 

0.00 

1.34 

0  * 

425.67 

76.193 

8.888 

14.604 

0.000 

0.315 

0, 

10G.GO 

4.Cu03 

600  « 0 J 

2.199CE-0? 

3.1479E  01 

1,04386  06 

2.4581E 

06 

319.76 

40-10 

59.86 

0.04 

10.52 

0. 

43C.28 

74.315 

9.319 

13*912 

0.010 

2.444 

0. 

1Q0.G0  j 

4.6100 

800-0. 

2.6585E-04 

9.0223E  00 

3-769CE  03 

1.0206E 

04 

304.50 

47.39 

51.69 

0.72 

41.72 

3, 

446.22 

68.239 

10.620 

11 .629 

0. 161 

9.  350 

-  0.  ■ 

100.00  : 

4.0CG3 

1000.0 

4.9 JlSE-02 

3,75236  00 

6,47746  01 

1.9929E 

02 

275.77 

59.13 

34.90 

5.97 

104.44 

O'* 

480. 2(- 

57.427 

12.314 

7.267 

1.243 

21.749 

c. 

IOC. GO 

4.0100 

1 260 • 0 

Z.&875E  00 

1.9714E  00 

3.0042E  00 

1-5127C 

Ul 

247.32 

64.50 

11.81 

23.69 

179,06 

o.  ’■ 

526.37 

. 

46.985 

12.253 

2.244 

4.500 

34.017 

0, 

100.00 . 

TABLE  F-29B 

PRCUUCT  COMPOS l  r  IONS  FK OH  HYDROCARBON  STEAK  REFORMING  AMO  SHIFT  EQUILIBRIA 

STEAM  RCFQRKfcR  FEED  -  CNHN  (  1  jQ  MUL  C  BASIS),  STEAM/C  RATIU,  4.0 

elemental  composition 

C  I  ATOMS  1  HUtQrtS)  U( ATOMS)  N2 1  MOL  S  ) 

10?. W  9-VJ.00  400. QO  0, 


CCMOITIUNS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P ( ATM) 

T I  DEG  F) 

KR 

KS 

KC 

KT 

H20 

C02 

CH4 

CO 

H2 

N? 

TOTAL 

MQIS 

MULS 

KOLS 

MOLS 

mols 

MOLS 

MOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  HQL  PC 

MOL  pc 

4.C00l> 

1400.00 

6.3697F  01 

1.2081b  00 

2*7  306E-0 1 

4, 83968 

OC 

242.98 

56.22 

1.20 

40.58 

204,62 

0. 

547.60 

44.371 

10,632 

G.219 

7.411 

37.367 

0, 

100.00  ' 

4.CwOu 

16v»0*v- 

8.2139E  02 

ft.2439E’Gl 

4.G069E-G2 

2. 8636c 

0 

249.49 

5C.61 

o.n 

49.29 

200. 3 j 

0. 

549,80 

45.379 

9.2J5 

C-,019 

8.965 

36.432 

0. 

lQG.OOo 

4 •0000 

1800 .v - 

6.7984E  03 

6.0833E-01 

8.34456-03 

1.9794E 

O', 

255.58 

44.43 

0.01 

55.56 

194.4” 

9. 

549.98 

46,471 

8.079 

0.002 

10,101 

35.346 

0. 

100.00. 

4. 0000 

2000.00 

4.0014E  04 

4 . 7516E-0 l 

2.2622E-03 

1.4847E 

00 

260 . 49 

39.51 

0,00 

60,49 

189.  5“* 

0. 

550.00 

47.363 

7.183 

0.000 

10,998 

34,455 

0. 

loo.oo; 

4*  OuOO 

2200.  Ot; 

1.8036E  05 

3.8864E-01 

7, 5373 E- 04 

1.18236 

00 

264.37 

35.63 

O.OJ 

64.37 

185.63 

9, 

550. CO 

48.068 

6.478 

0  •  000 

11.704 

33.751 

0. 

100.00; 

6.0000 

400.00 

7.9414  E-12 

2 *071 IE  02 

4.0007E  09 

7, ul 5GE 

09 

324.45 

37.77 

62.23 

0.0  j 

1.09 

*'• 

425.55 

76.244 

8.876 

14.623 

0.000 

0.257 

0, 

100. OC 

b.QoOO 

600.0'i 

2-1990E-07 

3.1479E  01 

1.0438E  06 

2.4697E 

06 

320.70 

39.63 

60.33 

0.03 

0.63 

‘J. 

429.33 

74.698 

9.231 

14.053 

0.008 

2.310 

0. 

IOC  .OC-', 

6  •  C jOU 

800.00 

2.6585E-04 

9.0223F  00 

3.769CE  03 

1.G32BE 

04 

307,93 

45.75 

53.68 

0.57 

34.72 

0. 

442.64 

69.566 

10.336 

12.127 

0.129 

7.8*3 

Q. 

1QG.0C- 

6.0000 

1000.00 

4.9018E-02 

3.7523E  00 

6.4774E  01 

1.9815E 

02 

282.79 

56.24 

39.03 

4.73 

89.15 

0. 

471,94 

59.921 

11.917 

8.271 

1.001 

L8.889 

0. 

100.  GO-: 

6.000 

1200.00 

2.6375E  00 

1.9714E  00 

3.G042E  0 0 

1.31486 

01 

254.23 

62.76 

16.90 

20.26 

161.81 

f . 

516*03 

49.266 

12.161 

3.291 

3.926 

31.356 

0. 

100.00*; 

6  *  u"J  0  0 

1400. OC 

6.3697E  01 

1.2081E  00 

2.7306E-Q1 

3.3889E 

OC 

244.41 

58.07 

2.48 

39,45 

200.63 

0. 

545 . 04 

44.843 

10.654 

0.455 

7,239 

36,810 

0. 

lOC.OOJ 

6. JOOO 

1600,00 

8.2139E  02 

8.2439E-Q1 

4.00696-02 

1.9176F 

OJ 

249.62 

50.61 

6.23 

49.16 

199.92 

0. 

549.54 

45.423 

9.209 

0,042 

8.946 

36.330 

0. 

100.  c>: 

fe.OuOO 

1800.00 

6.7984E  03 

6.0833E-01 

8.34456-03 

1.32G3E 

OC 

255,  59 

44.43 

0.03 

55.54 

194.35 

0, 

549.94 

46.477 

8.080 

0.0C5 

10.099 

35.340 

0, 

lOG.OOO 

6.0000 

2000.00 

4. GO 14 E  04 

4. 75166-01 

2*  2622E-03 

9.8989E- 

-01 

260.50 

39.51 

0.00 

U  .49 

189.49 

0.  • 

549.99 

47.364 

7.104 

U.001 

10.998 

34.454 

0. 

100. 003 

6.0000 

2200.00 

1.8036E  05 

3 .88646-01 

7.53736-04 

7.88236- 

-01 

264.37 

35.63 

O.OJ 

64.37 

185.63 

0. 

550,  Oij 

48.068 

6.476 

O.OOu 

11.704 

33,750 

0. 

IOC.OC  ■ 

12.COOO 

400,0!' 

7.9414E- 12 

2 .071 IE  02 

4 . 000  7 E  09 

6.94316 

09 

324.61 

37.69 

62.31 

0.00 

U ,  77 

c. 

425.39 

76.310 

8.861 

14.647 

0.000 

0,182 

0. 

100. OOG 

L2.QU00 

600.00 

2.l99u£-Q7 

3.L479E  01 

1.0438E  06 

2.486CE 

06 

321.94 

39.02 

60.96 

0,02 

6.15 

0, 

428. C8 

75.205 

9,115 

14.240 

0.006 

1.436 

100.00  x 

12.Gu00 

800.0. 

2.6585E-04 

9.0223E  00 

3.769CE  03 

1.05176 

04 

312.60 

43.50 

56.11 

0.39 

25.19 

c . 

437.79 

71.405 

9. .937 

12,816 

0.069 

5.753 

0. 

100,00. 

12.CU00 

1003.00 

4.90 itiC-02 

3;7523H  00 

6.47748  01 

1.9923E 

02 

293.09 

51.88 

44.96 

3.16 

66.98 

0  . 

460.07 

63.705 

11.276 

9.773 

0*6«7 

14,5119 

0. 

IOC , 00  > 

12.CCU0 

1200. OC 

2.6375E  00 

1.9714E  00 

3.0042E  00 

1.1449F. 

Oi 

267.14 

59.11 

26.26 

14.63 

130.34 

0. 

497.49 

53.698 

11,882 

5.278 

2.941 

26.201 

0, 

100.00  :• 

12  .CijOO 

1400.0-' 

6.369TE  01 

1.2U31E  0*J 

2. 7306E-Q1 

2.04706 

OC 

249.74 

57.44 

7.17 

35.39 

185.91 

0. 

535.65 

46.623 

10.723 

1.339 

6.607 

34.7,8 

0. 

100.00) 

12*  Oi/J'j 

1600, 00 

8.2139E  02 

0 . 2439E-0 1 

4,00698-02 

9.8119C- 

■01 

250.29 

50.59 

0.86 

48.53 

197.96 

0. 

548.25 

- 

45.653 

9.227 

0.160 

8.853 

36 . lu  7 

0. 

100.00-- 

12.000 

1 800.  OC' 

6.7984EQ3 

6.O833E-01 

8.34456-03 

6.6202E- 

01 

255.60 

44.44 

0.11 

55.45 

194. n 

rt  ^ 

549.78 

>  ^ 

46.505 

8.082 

0.  020 

10.087 

35.3^5 

0. 

100. CO 

1 2.CV/J0 

20  00.  O' 

4.0-J14E  04 

4 • 75 l6E-0t 

2.2622E-03 

4.9517F- 

-01 

260.51 

39.  5  L 

0.02 

6  >.47 

189.45 

0  . 

549.96 

47.366 

7.184 

0.003 

10.996 

34.448 

0. 

100,00? 

1 2.6:.  00 

2200.00 

1.8036E  05 

3.88646-01 

7.5373E-04 

3, 941  fee- 

■01 

264.37 

35.63 

0.00 

64.37 

185.62 

3. 

549.99 

43*069 

6.478 

o.oe-i 

11*733 

33.749 

0. 

LOu  .C0>s 
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TABLE  F-30A 

PRODUCT  COMPOSITIONS  FROM  HYDROCARBON  STEAM  REFORMING  ANO  SHIFT  EQUILIBRIA 

"STEAM  REFORMER  FEED"  -  CNHN  t  100  HQL  C  BASIS) t  STEAH/C  RATIO  5.0 


ELEMENTAL  COMPOSITION 

C  T  ATOMS )  H( ATOMS)  Q ( ATOMS )  N2IH0LS) 

100.  )0  UOO.OC  500. UQ  0. 


CONDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

PUTMi 

T l DEG  f ) 

KR 

KS 

KC 

RT 

K20 

CQ2 

CH4 

CO 

H2 

N2 

total 

MOLS 

MOLS 

MOLS 

MOLS 

MCI  S 

HGLS 

MOLS 

MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC  MOL  PC 

MOL  PC 

i*cooo._ 

400.00 

T.94L4E-12 

..e.ojiu  PZ- 

..  4  .  000  TE  .  0.9 

JftOZUE. 

..05. 

38*35 

.  61.65 

0.00 

3.39 

0. 

52£*69 

80.371 

7.280 

11*706 

0.000 

0.643 

<7. 

100. 00.: 

l.UOOQ 

600*00 

2* 199CE-07 

3.1479E  01 

1.0438E  06 

3.1309E 

06 

412.20 

43.86 

56.06 

C  .09 

25.63 

G . 

537.88 

76.634 

8.153 

10*422 

0,016 

4.774 

0* 

100.000 

1.0000 

800.00 

2 . 6585E-04 

9.0223E  00 

3.T69CE  03 

1.3109E 

04 

379.44 

59.48 

38.91 

1.61 

92.74 

0. 

572.17 

66.315 

10.395 

6.801 

0.282 

16.208 

0. 

100. CJ'* 

1.0003 

1000.00 

4*90 16E-02 

3.7523E  00 

6.4774E  01 

3.6155E 

02 

335.86 

76.32 

12.19 

11.49 

189.76 

0, 

625.63 

53.685 

12. 199 

1.946 

1.837 

30.332 

0. 

100.00/ 

l.OUOO 

1200*00 

2.6875E  00 

1.9714E  00 

3.0042E  00 

7.4254E 

01 

326.89 

73*85 

0.75 

25.4t» 

221.61 

0, 

648.50 

50.407 

11.388 

0.115 

3.916 

34.173 

0. 

100.00. 

l.QJOO 

1400.00 

6.3697E  01 

1.2081E  00 

2.7306E-01 

3.5204E 

01 

334,79 

65.25 

0.04 

34.71 

215.14 

0* 

649.9? 

51.511 

10-040 

0.006 

5.340 

33.102 

0. 

100.007 

1.0000 

1600.00 

8.2139E  02 

8.2439E-01 

4.0069E-02 

2.0853E 

01 

342.39 

57.62 

0.00 

42.38 

207.61 

0. 

649.99 

52.675 

6.864 

O.OUO 

6.520 

31.940 

0. 

100.000 

1.0000 

1800.00 

6.798AE  03 

6.O833E-01 

8. 3445E-03 

1.4C66E 

01 

348.69 

51.31 

0.00 

48.69 

201.31 

0. 

650.00 

53.645 

7. 893 

0 . 000 

7.491 

30,970 

0. 

100.00  ■ 

1 .0000 

2000. Uv 

4.0014E  04 

4.7516E-01 

2.2622E-03 

1.0347b 

01 

353.85 

46.  15 

0.00 

53*85 

196.15 

0- 

650.00 

54.438 

7.101 

0.000 

B*  284 

30,177 

0. 

100.00/ 

1.0000 

2200.00 

1.8036E  05 

3.8664E-01 

7.5373E-04 

8.1222E 

00 

357.99 

42.01 

O.OQ 

57.99 

192.01 

0. 

650.00 

55.075 

6.464 

0.000 

8.921 

29.541 

0. 

100*000 

2.0000 

400 *0C 

7.9414E-12 

2  *071 IE  02 

4.0007E  09 

9.1753E 

09 

423.80 

38.10 

61.90 

0.00 

2.40 

0. 

526.20 

80-540 

7.240 

11.763 

0.000 

0.456 

0. 

100. OOC 

2.0000 

600.00 

2.199CE-07 

3.1479E  01 

U0438E  06 

3.1733E 

06 

415.77 

42.08 

57.86 

0.06 

18.51 

0. 

534.29 

77.819 

7.877 

10.829 

0.011 

3.465 

0. 

100. ooc 

2.0000 

600.00 

2.6585E-04 

9.0223E  00 

3.7690E  03 

1.3185E 

04 

390.63 

54.15 

44.78 

1.07 

69.82 

o. 

560.45 

69.699 

9.662 

7,989 

0.191 

12.458 

0. 

100.000 

2.0000 

1000.00 

4.9016E-02 

3.7523E  00 

6.4774E  01 

2.9915E 

02 

350.36 

70.59 

20.94 

0.47 

157-75 

0. 

608.11 

57.614 

11.607 

3.444 

1.393 

25.942 

0. 

100. OOC 

2.00QO 

1200.00 

2 .6875 E  00 

1.9714E  00 

3.0042E  00 

4,01386 

01 

329.49 

73.14 

2.63 

24.24 

215.26 

0. 

644.75 

517104 

11.343 

0*407 

3.759 

33.386 

0* 

ioo.oW 

2.0000 

1400.0V 

6, 3697 E  01 

1 • 208 IE  00 

2.7306E-Q1 

1.  7678E 

_01_ 

334.93 

65.23 

C.  15 

34.62 

214.77 

0. 

649.70 

51.551 

10-040 

0.023 

5.329 

33.057 

0. 

100.000 

2.0000 

1600*05 

B.2139E  02 

8.2439E-01 

4. 0069E-02 

1.0430E 

01 

342.40 

57.62 

0.01 

42*37 

207.58 

0. 

649.97 

52.678 

8.864 

0.002 

6.519 

31.936 

0. 

loo. ooo 

2.0000 

1800.00 

6.79B4E  03 

6.0833E-Q1 

8.3445E-03 

7.0334E 

oc 

348.69 

51*31 

0.00 

48,69 

201.30 

0. 

650.00 

53.646 

7*893 

0.000 

7.491 

30.970 

0* 

100.000 

2.0000 

2000.0/ 

4.0014E  04 

4.7516E-01 

2.2622E-03 

5.1735E 

00 

353.85 

46.15 

0.00 

53.85 

196.15 

0. 

650.00 

54.438 

7,101 

0,000 

8.284 

30. 177 

0. 

100.00' 

_ 2. COOP 

2200.00 

1.8036E  05 

3.88646-01 

7.5373E-04 

4. 061 IE 

0C_ 

357.99 

42.01 

0.00 

57.99 

192. -71 

0. 

65C.00 

55.075 

6.464 

O.OQO 

8.921 

29.541 

0. 

100. GOO 

4.0CQQ 

400.00 

7.9414E-12 

2.0711E  02 

4.0007E  09 

9.1979E 

09 

424.15 

37.92 

62.07 

0.00 

1.70 

0, 

525-85 

BO. 660 

7.212 

11.805 

0.000 

0.323 

0. 

100. OOC 

4.0000 

_ 600 .00 

2, 1990  E— 07 

3.1479E  OX 

1.Q438E  06 

_3.2065E 

06 

418.38 

40.79 

59.17 

0.04 

13.27 

0. 

531*66 

78.694 

7.672^ 

11.130 

“ 0.008 

2.497 

0. 

loo.o'os" 

4*0003 

600.0/ 

2.6585E-04 

9.0223C  00 

3.7690E  03 

1.3375E 

04 

399.47 

49.91 

49.37 

0.72 

51.79 

0. 

551.25 

72.465 

9.054 

8.957 

0.130 

9.394 

0. 

100.  OOC 

_ 4_*pOQO_ 

1000.00 

.  V.  9016E-02 

3.7523E  00 

6.4774E  01 

_2jlT4_1?E 

02_ 

365.28 

64.41 

29.70 

5.89 

125.32 

21,219 

0*  . 

_  590.61^ 
lOC.OOo 

61.849 

10.906 

5.028 

0.997 

O'. 

4.300J 

1200,0  ? 

2.6675E  00 

1.9714E  00 

3.O042E  00 

2.4728F 

01 

336.18 

71.22 

7.40 

21.39 

199.02 

0. 

635.20 

52.925 

11*  211 

1.165 

3,367 

31.332 

0. 

100 .COO 
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TABLE  F-30B 
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PRODUCT  COMPOS I T IONS  FROM  HYDROCARBON  STEAM  REFORMING  AND  SHIFT  EQUILIBRIA 

STEAM  REFORMER  FEED  -  CNHli”  ~  1 1 66"  MOL  ~C  ~8A SI  S)  ,  ST E AM / C  RAT  ID  5.0 


ELEMENTAL  COMPOSITION 

ClATOMS)  HUTOMS)  (DIATOMS)  N21M0US) 

ICC.GU  1100.00  500. OC  0. 


CCNDITIONS  AND 

EQUILIBRIUM 

CONSTANTS 

EQUILIBRIUM 

PRODUCT 

COMPOSITIONS 

P ( AT  M> 

I (DEG  F) 

KR 

KS 

KC 

RT 

H2Q 

C  02 

CH4 

CO 

H2 

N2 

TOTAL 

MOLS 

MOLS 

MOLS 

MOLS 

MOLS 

MCLS 

HOLS 

MQL  PC  MOL  PC  MOL  PC  HOL  PC  1 

MOL  PC  MOL  PC 

MOL  PC 

4.0300 

1400. OC; 

6.3697E  01 

1  * 208 LE  00 

2. 7306E-Q! 

8.  9881E 

00 

335.47 

65. 13 

0.59 

34.28 

213.35 

0. 

648.02 

51.704 

10.038 

0.091 

'5.284 

32,883 

0. 

100  ,uO<-‘ 

4*0000 

1600.00 

8.2139E  02 

8.2439E-G1 

4.0069E-02 

5.2221E 

00 

342.44 

57.61 

0.05 

42.34 

207.46 

0. 

649.90 

52.691 

8.865 

0.008 

6.514 

31.922 

0, 

IOO. GOU 

4.C0Q0 

1800.00 

6.7984E  03 

6.0833E-01 

8,34456-03 

3.5173E 

00 

348.70 

51.31 

0.01 

48.69 

201.29 

0. 

649.99 

53.647 

7.894 

0,001 

7,490 

30.968 

0. 

100.001 

4.0000 

2000. Oo 

4.0014E  04 

4.7516E-01 

3.2622E-03 

2.5866E 

00 

353.85 

46*15 

0.00 

53. B5 

196.15 

0* 

650.00 

54,436 

7.101 

0.000 

B.Z84 

30.177 

0. 

100.000 

4.0000 

2200.00 

1.8Q36E  05 

3.8864E-01 

7. 53736-04 

2.03066 

Ol? 

357.99 

42.01 

C.OD 

57.99 

192.01 

0, 

650.00 

55,075 

6,464 

D.  000 

8.921 

29.541 

0. 

100. OOG 

6*0000 

400.00 

7.9414 E- 12 

2.071IE  02 

4.0007E  09 

9*1 2 81 6  09 

424.31 

37,85 

61^15 

0.00 

J..J9 

0, 

525.70 

80.713 

7,199 

11.023 

0.000 

0.264 

0. 

100.000 

o 

o 

1 

6 

sO 

600.00 

2.1990E-07 

3.1479E  01 

1.0436E  06 

3.2241E 

06 

419*56 

40.20 

59.76 

0,03 

10.91 

0. 

530-47 

79.092 

7.579 

11*266 

0.006 

2.056 

0. 

100.00. 

6, OUOO 

800.00 

2 .6585  E-04 

9.0223E  00 

3.76906  03 

1.35056 

04 

403.66 

47.88 

51.55 

0.57 

43.24 

0. 

546.90 

73.809 

8.755 

9.425 

0.104 

7 .906 

0. 

100. boo 

6.0000 

1000.00 

4.9016E-02 

3.75236  00 

6.4774E  01 

2.67906 

02 

373.39 

60.96 

34.35 

4.70 

107.92 

0. 

581.31 

64.233 

10.486 

5.909 

0.808 

10*564 

0. 

100.00. 

6.0000 

1200.00 

2.6875E  00 

1.97L4E  00 

3.0042E  00 

2. 02  526 

01 

342.42 

69.34 

11.75 

18*91 

1^4.08 

0. 

626-49 

54,656 

11.068 

1.876 

3.018 

29.382 

0. 

100.00'i 

6.0000 

L400.00 

6.3697E  01 

i*2081E  00 

2.7306E-0I 

6.15086 

00 

336.31 

64.97 

1.27 

33.76 

211.14 

0. 

647.45 

51.943 

10.034 

Q*  197 

5.214 

32.611 

0. 

100.0':0 

6. OUOO 

1600.00 

S . 2 139E  02 

8.2439E-01 

4.0069E-02 

3.48936 

00 

342.51 

57.60 

0.11 

42.28 

207.26 

0. 

649.77 

52.712 

8.865 

0,018 

6.507 

31.898 

0, 

lOO.OGv 

6  .CuOO 

1800,00 

6.7984E  03 

6.0833E-01 

0.3445E-O3 

2.34556 

00 

348.71 

51.31 

0.01 

48.68 

201.26 

0. 

649.97 

53.650 

7.894 

0.002 

7.489 

30.965 

0. 

lOO-OO: 

6.O0OO 

2000.00 

4.0014E  04 

4.7516E-01 

2.2622E-Q3 

1.7246E 

00 

353.85 

46.15 

0.00 

53.84 

196.15 

0. 

_  650*QP_ _ 

54.439 

~  ?.ior 

O.OOO' 

8.284 

30.177 

0. 

100.00.' 

6  »  0000 

2200, OU 

1.8C36E  05 

3.8864E-01 

7.5373E-04 

1.3537E 

00 

357.99 

42.01 

0,00 

57.98 

192.01 

0. 

65G.OO 

55.075 

6.464 

0.000 

8.921 

29.541 

0. 

100.00? 

12.COOO 

400.  O'J 

7.9414E-12 

2.07 I IE  02 

4.00076  09 

9.2191E 

09 

424,51 

37.75 

62.25 
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EFFECT  OF  TEMPERATURE  AND  STEAM/CARBON  RATIO  ON 
HYDROGEN  YIELD  FROM  CH4 


2  ATMOSPHERES  PRESSURE 


CALIFORNIA  RESEARCH 
CORPORATION 

RICHMOND,  CALIFORNIA 

mus  RE  647532 


11-6-64 


F-62 


HYDROGEN  YIELD,  MOLES  HYDROGEN  PER  ATOM  OF  CARBON  IN  FEED 


H20/C  ratio 


•i  .1 


•1.6 


•  HYDROGEN  YIELD  AT 
CARBON  DEPOSITION 
LIMIT.  NUMBERS 
REFER  TO  H2O/C 
RATIO  AT  CARBON 
DEPOSITION  LIMIT. 


>1.5 


CALIFORNIA  RESEARCH 
CORPORATION 
RICHMOND.  CALIFORNIA 


HYDROGEN  YIELD,  MOLES  HYDROGEN  PER  ATOM  OF  CARBON  IN  FEED 


HYDROGEN  YIELD,  MOLES  HYDROGEN  PER  ATOM  OF  CARBON  IN  FEED 


FIGURE  F-10 
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FIGURE  F -12 


EFFECT  OF  TEMPERATURE  ON  COMPOSITION  OF 
STEAM  REFORMATE  FROM  C3H8  -  STEAM/CARBON  RATIO,  5.0 
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EFFECT  OF  TEMPERATURE  ON  COMPOSITION  OF 
STEAM  REFORMATE  FROM  C6H14  HYDROCARBONS  -  STEAM/CARBON  RATIO,  5.0 
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FIGURE  F-14 

EFFECT  OF  TEMPERATURE  ON  COMPOSITION  OF  STEAM  REFORMATE  FROM 
C9H2o  HYDROCARBONS  -  STEAM/CARBON  RATIO,  5,0 
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FIGURE  F-16 

EFFECT  OF  TEMPERATURE  ON  COMPOSITION  OF 
STEAM  REFORMATE  FROM  CNHN  HYDROCARBONS  -  STEAM/CARBON  RATIO,  5.0 
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EFFECT  OF  PRESSURE  ON  HYDROGEN  YIELD  FROM  C3H8 
STEAM/CARBON  RATIOS,  2.0  AND  5.0 
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FIGURE  F-19 

EFFECT  OF  PRESSURE  ON  HYDROGEN  YIELD  FROM  C*H14  HYDROCARBONS 
STEAM/CARBON  RATIOS,  2.0  AND  5.6 
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FIGURE  F-20 

EFFECT  OF  PRESSURE  ON  HYDROGEN  YIELD  FROM 
C9H20  HYDROCARBONS 
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THEORETICAL  CARBON  DEPOSITION  LIMITS 
IN  HYDROCARBON  STEAM  REFORMING 


The  carbon  deposition  limits  plotted  in  Appendix  Figures  G-l  to  G-6 
were  obtained  as  described  in  Section  X-C,  Carbon  deposition  limits 
are  discussed  in  Section  X-D-l. 


STEAM/CARBON  RATIO  REQUIRED  TO  PREVENT  CARBON  DEPOSITION 


STEAM/CARBON  RATIO  REQUIRED  TO  PREVENT  CARBON  DEPOSITION 


A- £'7. 


FIGURE  G-2 


EFFECT  OF  PRESSURE  ON  STEAM/CARBON  RATIO  REQUIRED  TO 
PREVENT  CARBON  DEPOSITION  FROM  C3H8 
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EFFECT  OF  PRESSURE  ON  STEAM/CARBON  RATIO  REQUIRED  TO 
PREVENT  CARBON  DEPOSITION  FROM  CNH2N  HYDROCARBONS 
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